12 United States Patent

USO0111103597B2

(10) Patent No.: US 11,110,397 B2

Whitaker et al. 45) Date of Patent: Sep. 7, 2021
(54) DEVICE AND METHOD FOR WATER (358) Field of Classification Search
PRIMING MICROPOROUS-CARBON WATER None
FILTERS USING NEGATIVE PRESSURE See application file for complete search history.
(71) Applicant: Pure Berkey, L.L.C., Golden Valley, (56) Reterences Cited
MN (US) U.S. PATENT DOCUMENTS
(72) Inventors: John Davis Whitaker, Golden Valley, 308162 A *  2/1889 KeANe ovoveooeooososo. 799/81
MN (US); Kelly Murphy Whitaker, 2,183,877 A * 12/1939 Wilkinson ............. BO1D 27/02
Golden Valley, MN (US) 210/435
(Continued)

(73) Assignee: Pure Berkey, LLC, Golden Valley, MN
(US)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 134(b) by 272 days.

(21)  Appl. No.: 16/035,554
(22) Filed:  Jul 13, 2018

(65) Prior Publication Data
US 2019/0366270 Al Dec. 5, 2019

Related U.S. Application Data
(60) Provisional application No. 62/668,386, filed on Jun.

4, 2018.
(51) Int. CL
BOID 61/10 (2006.01)
BO1ID 24/00 (2006.01)
(Continued)
(52) U.S. CL
CPC ............. BOID 61/10 (2013.01); BOID 23/24
(2013.01); BO1ID 3972055 (2013.01);
(Continued)

FOREIGN PATENT DOCUMENTS

DE 3020615 12/1980
EP 0366539 Bl 3/1998
WO WO-2010120754 A2 * 10/2010 ............. BO1D 29/41

Primary Examiner — Robert I Popovics

(74) Attorney, Agent, or Firm — Charles A. Lemaire;
Jonathan M. Rixen; Lemaire Patent Law Firm, P.L..L..C.

(57) ABSTRACT

A method and system for water-priming carbon micropore
filter media using negative pressure. The method includes
placing dry filter elements 1n a polymer bag, applying a
vacuum of no more than approximately 33 kPa above zero
pressure, and heat-sealing the bag using a heat-set bar;
submerging, by a consumer, the vacuum-sealed bag with 1ts
the filter elements 1n water; the filters in the vacuum sealed
bag are at least partially submerged, puncturing the bag to
form one or more small openings in the bag below the water
line. Breeching the vacuum causes the water to flow through
the openings into the bag and the filter(s) to equalize the
pressure between the water and the previously vacuum
environment of the plastic bag, causing the surrounding
water to quickly flow mto the micro-pores of the filter
media, thereby priming the carbon filter for use in the
gravity-fed water-purification system.

17 Claims, 14 Drawing Sheets




US 11,110,397 B2

(1)

(52)

(56)

Page 2
Int. CI.
BOI1D 39/20 (2006.01)
CO2F 1/44 (2006.01)
CO2F 1/00 (2006.01)
U.S. ClL
CPC .............. CO2F 17003 (2013.01); CO2F 1/442
(2013.01);, BOID 2201/081 (2013.01); BO1D
2201/204 (2013.01); CO2F 2303/16 (2013.01)
References Cited
U.S. PATENT DOCUMENTS
2,925,199 A * 2/1960 Brookshier .............. B65D 5/60
222/91
3,701,433 A * 10/1972 Krakauer ............... BO1D 36/02
210/436
3,765,536 A * 10/1973 Rosenberg ......... BO1D 39/2017
210/446
3,770,625 A 11/1973 Wallis et al.
4,177,529 A * 12/1979 Sikula, Jr. .............. BO1D 27/00
141/330
4,266,692 A * 5/1981 Clark ...................... B65B 61/18
215/355
4,295,563 A * 10/1981 Becker ................. A22C 13/023
206/205
4,576,929 A 3/1986 Shimazaki
4601410 A * 7/1986 Bond ................... B67D 1/0835
222/92
4,603,793 A * §/1986 Stern .................... B65D 77/065
222/105
4,727,705 A * 3/1988 Zahka .................... B65D 81/22
206/205
4,828,698 A 5/1989 Jewell et al.
4,859,386 A * §/1989 VanderBilt ......... BO1D 39/2055
264/113
4,882,051 A * 11/1989 Itoh ...........ceevt. BO1D 29/216
210/248
4,893,731 A * 1/1990 Ruchter ................ B65D 77/065
222/105
5,299,714 A * 4/1994 Kilgore ..., B67B 7/26
222/192
5,325,995 A * 7/1994 Harrison ........cooo....... B67B 7/26
222/81
5,368,157 A * 11/1994 Gasparrini .............. B41F 35/00
206/209
5,390,823 A *  2/1995 Kilgore ............... B25B 27/0042
137/318
5,405,177 A * 4/1995 Goldstein ............ BO1D 46/008
294/210
5,476,154 A * 12/1995 Sage .................. FOIM 11/0458
141/65
5,546,979 A * §/1996 Clark, IT ............... B0O9B 3/0058
123/196 A
5,598,951 A * 2/1997 DeBano, Jr. .............. B67B 7/26
222/108
5,607,595 A 3/1997 Hiasa et al.
5,645,913 A * T7/1997 Rogers ..........ccee.... B65D 65/40
426/106
5,647.511 A * 7/1997 Bond ................... B67D 1/0804
222/105
5,704383 A * 1/1998 Kammeraad ......... B0O9B 3/0058
123/196 A
5,705,269 A 1/1998 Pimenov et al.
5,762,797 A 6/1998 Patrick et al.
RE35976 E * 12/1998 Gasparrini ........... B65D 85/672
206/209
5,855,223 A * 1/1999 Halonen ............ B65D 75/5877
137/318
5,855,298 A * 1/1999 Teetsel, III ............... B67B 7/26
222/81
5,915,596 A * 6/1999 Credle, Jr. ........... B65D 77/065
222/105
5,928,516 A * 7/1999 Hopkins ................. B65B 55/22

210/636

5,941,421
5,957,584
5,997,613
0,045,006
0,056,874
0,102,252
0,174,439
6,199,578
0,223,940
0,248,237
0,338,798
0,368,504
0,423,226

0,524,477
0,852,224

7,004,209
7,081,201
7,132,048
7,165,700
7,188,749
7,846,330
8,127,784
8,496,020
9,616,362

9,675,914
9,994,465

10,138,773
10,555,872
10,589,199
10,800,556
10,905,976
2001/0000893

2002/0060179
2003/0136728
2004/0094467
2005/0121464
2006/0011534
2007/0221585
2008/0142543
2010/0130918
2010/0264100

2011/0303589

3k

3

R

3

P S

Bl *

BI*

Bl *

Bl *

B2 *

BI*

Bl *

Bl
B2 *

B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
Bl *
B2 *
B2 *
B2 *
B2 *
Bl *
B2 *
B2 *
B2 *
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*

Al*

8/1999
9/1999
12/1999
4/2000
5/2000
8/2000
1/2001
3/2001
5/2001
6/2001
1/2002
4/2002
7/2002

2/2003
2/2005

2/2006
7/2006
11/2006
1/2007
3/2007
12/2010
3/2012
7/2013
4/201
6/201
6/201
11/201
2/2020
3/2020
10/2020

2/2021
5/2001

SO 00 ~1 ]

5/2002

7/2003

5/2004

6/2005

1/2006

9/2007

6/2008

5/2010

10/2010

12/2011

Overman ............... B65D 77/06
222/105
Lakey ................ B65D 75/5883
383/5
Kaneko ................... DO1F 9/145
05/117
Frazier ................. B65D 77/065
222/105
Goodman ............. F16N 31/002
137/312
Overman ........... B65D 75/5877
222/105
Hopkins ................. B65B 55/22
210/493.1
Clark, IT ................. F16N 33/00
123/196 A
Quinn ............... B65D 75/5877
222/81
Mery ... BO1D 46/0005
210/234
Hopkins ................. B65B 55/22
210/321.86
Kuennen ............ BO1D 39/1623
210/315
Hopkins ................. B65B 55/22
210/321.86

Hughes
Jagtoyen ............ B01D 39/2062
210/502.1
Davis .coovvvenvininn, B65D 75/5877
141/114
Bassett ...........oo.... BO1D 27/06
210/315
Hagashihara .......... B01D 29/96
210/232
Macler ........ccovvveinnn, B67B 7/28
222/105
Miller .......cocvnnn. B65D 11/18
222/1
Nelson .....coocevuveenen, BO1D 27/08
210/233
CeSarz ....ooovevvvvvninnn, B67B 7/24
137/15.13
Westerberg ........ FOIM 11/0408
137/15.14
Johnson ................. BO1D 29/41
Rivera .........coovuv. BO1D 29/96
Epstemn ...........ooeeeenn. CO2F 1/68
Dosky .oooiiiiiiiiin, B67B 7/24
Thome ................. A61J 1/2096
SEE i, CO2F 1/001
Thorne ................. A61J 1/2086
Johnson ............... BO1D 21/307
Hopkins ................ B65D 81/22
210/348
Hopkins ................. B65B 55/22
210/244
Jagtoyen ............ B0O1D 39/2065
210/502.1
Diemer ................ BO1D 35/143
210/347
Miller .....ccoovvvvininnn, B67D 3/04
222/81
Hagashihara .......... B0O1D 29/96
210/232
Vozar .....coooveevuninnnn, BO1D 46/24
210/767
Jones ....oooovvviiiiiiininnn, B67B 7/26
222/81
Elaht ..................... A61M 39/18
604/29
Rivera .........covvun.. BO1D 29/96
210/808
Kuennen ................. CO2F 1/281
210/95



US 11,110,397 B2

Page 3
(56) References Cited
U.S. PATENT DOCUMENTS
2013/0186841 Al1* 7/2013 Johnson ................. BO1D 35/30
210/767
2015/0129510 A1* 5/2015 Johnson ............... BO1D 36/001
210/767
2015/0329263 Al* 11/2015 Wong .........cc........ BO1D 29/016
206/205
2017/0080367 Al1* 3/2017 Johnson ................. BO1D 35/30
2017/0296952 A1* 10/2017 Wong ........oooevvvennnn, B65D 81/22
2018/0021695 Al 1/2018 Ash et al.
2018/0154290 Al1* 6/2018 See ....o.ooeevvvvennnnn, BO1D 39/163
2018/0280838 Al* 10/2018 Johnson .................. CO2F 1/001
2019/0366270 Al1* 12/2019 Whitaker ................ CO2F 1/003
2020/0130873 Al* 4/2020 Thorne ................... B65B 3/003
2020/0215463 Al1* 7/2020 Johnson .................. CO2F 9/005
2020/0337946 Al1* 10/2020 Thome .............c....... A61J 1/16

* cited by examiner




US 11,110,397 B2

Sheet 1 of 14

Sep. 7, 2021

U.S. Patent

i i i S e ol ol ol ol ol ol -

r

E N I

r
L
r
r
r

L]
[
L]
]
L]
[
L
L]
[
L]

r
r

r
r

r
r
*b

r
F

Ly
r
I
"

et
N
L
L
L

*

r

*

e

r
r
Frrrrbrbrrbrbrirrir
L]
r
L
r
L

"
b‘.b
r
e
LA
r
L
ke ke ke bbbk
r
L
r
ke ke bbb bbb bbb*b F kK
rF

r
r
F ke rrrbrbrrrbrirrir

b b bk bk ok N
A d h hr h bk k
F o T A )
..r.T.r.T.r.T.r.T.r
TR T
R L S )
b b bk bk ok N
A b h W s kA
b i b h b kI
o h s kA
F & b & N
I ko h k ok
.’.TE.TE.TE.T

Frrrr F
F e F
Frrrirbr rir

|
r
Jr
F bk rrrrrrirrir
)

]
"
I

r
L]
r
L.
F
L
F r e r rbr r r rbrbrbrbrbirbrbfbrbrrir

r
[
e

[
Jr
Lr

[
L

L]

L]

[

o B

o R R R R K K R RN K R K kN

" F

*I-*-

F r F F oo

l*ibl

Lk E e

»

L0}

L T T T T R

i e e

L 'I.*- b. b. l‘.

L L

* F F h F &

L

o

L]

F B X & Bk R BN LR L LR

et
- = ‘b-*‘*‘*

| ]
XA E RN

]
r

L]

i
Wt

»

)
¥
"
"
.
*
¥
*b

r
r

i &
b b s kA
L] LI
bk h bk A oF
b & &
b b ks kS

i &
i b &k bk kN

E I
&

&
L]

F

F e
L

*
r
r
L
r
L
r
L
*bbb

L
r &
& &

r
Ly
r

L4
"
L}
"
L}
r
L

&
h b &
E I
& & &
E I
& &
I I
L]

&

&

L]

L]

tbbbt *bk
[
L LN N
ki kI
L L L
Fir F kI
L L L
[
LT

.r.r.T.r.r dr b b ok ook
b h ok ok o h A
L |

&

LI
b bk bk ok
L
r b & E N I I
LN

A s & & &

L.

tbb
L
-
L
-
L
r
L
*bbb

&
E
&
&
E
E
&
E
&
&
E
&
&
E
E

|

&

E I
b & &
E I Y |
b & &
i b &
E I N
b & &
b & &
E I Y |
b & &
i b &
E I N
b & &
i b &
I
b & &
b & &
E I Y |
E

L
r
T

*
r
T

b
"

L

*

r

&
&

Frrrrbrrbrbrrbrbrrrbrrlrrirrrir

*
T
L]
*
e
[
*
T
[
L
L]
r i




US 11,110,397 B2

Sheet 2 of 14

Sep. 7, 2021

U.S. Patent

G

LS




L] - .- ! -
- -f .
- . . "
"' - 3 i ' N
. L IS .
- [ Rl R e N
|-_ 71_-..!..._.-.'.._.....-.....-...._- ....-......-._....__'I_.__..-._..._.. .
.|' »
.- 'L
T : v
- o
L L
x *
X .
»' ”.
3 LA .
.. L] __.._.
) -_. __.._.
L *
} L)
1 " ]
- L J
" ]
' -
‘..,_ " ¥
.|' -. l'
" =g -
A
. - >
. T
M i
-~ 'L .
- ¥ 'l
L .
- 'l ‘
. '
l-. .
o
m ‘ — ¥ »
r
¥ »
A
¥ »
1 %,
§ v
- [ 4 .
. .
* ¥
* v
¥ Lol '
-_l w .-.
Y . .
. i ) ',
”_._ : .
i .- “m
] » ]
. e .
¥ *
e .
. ¥
r v
L] »
L] g [ ]
- - i
X “
* "
2 .
* . 1
* " 1) ]
. - .
i.—. - l-n [ ]
. L .
L 1I “
-
. -
" X
' i | . .
. e o T AT T M u
' T
B
. ..
. . . “
. l.. [ ]
r Jd '
.". .
. *
.
*
-
l.l.l.- “
3 -
) o
. . -
.
. g
. [

LEELEE L IR B

- & ¥ & ¥ ¥

&+

Sheet 3 of 14

R J.:J, J,:J.. e

o1&

PN

w n o b on s ettty

0%

ettt A 00 o e e e e e

ra b nnnaasenseet AT,

-

LIS IO DR By B D B B B L BB N

o

VS OIA

A ’L- - r
,
. ‘
.
i "
1 i’
R .
. * .
B M .
. ¥ 4
7 . .
¥ . E
A A
] - F]
. .
n - []
. A
] . r
. . .
¥
. l-___ ....-_.‘ - v
aa ’
- .-.-t_ [ a
. E Py - ’
& ¥, | -
. o . .
LI ¥ a
ﬂ M ) x *
'y .. 4 L I A
& *
a .
E J L]
. .
» ..% -
A
S - .'l N —
T .
! - ; ; ;
. .
’- I‘. . ‘. ¥
-v . w ] r
' [ -1 ' r
.-_ . »
1... ..-..-.. .Jll. »
L] - -nu._
> __....___r ]
- ..-.. i "
R #.. ™, .
n.l_ ' ¥ IIII ) .Il.l' l_"
B o omm ’ 0
. : " R AN vy A
- r r ’l’“
. " =
.z " " i.__..__.r
- .
- ..-. L -
] x .-
- )
L L x .
a. x EJOIU.
4 L] x
1 L] .:J—O-c
r '
+ L] .f-
¥ ¥
.
¥ L]
.
L) ]
.
. L
L] L]
] a
- ¥
[ 3 a
) - )
[ ] a
3 -
L. a aa
x o a1 i .......................l.............................__._..._.__.__.._.__.......n..
r.__.t.q...r_-_-.qu...r.q.-.....__..............__ I R ............“...“...”...H.q.u....q.-._..,.ﬂ4..._..14_.4-.__.r.4.-4.r4.-4&4!...1.4...4......44...44......4...4....”.4. r.qr...“_wu...n.qu.._
¥ E e e AR e PR Lol B
L I L N N I T L A m op oy oy oy i e dp e b by o o A A A A A e + - -
X odr i FURR e ki e dr dr e el dr e i iy e e i e i b
b e e a4 P T e, ) ....._.._..._....4.__..4.__.4.-.'..,vtttttltt....q.q....q.q....q.q....q.q....-.q.q....q
LN N .4,.4._1.4.-....4.4.......4....4._..4...4...... o . ...-......4....4......4.4.4.-.4._14,... ar PR e e e e
L3 P ...'..._.....-4-...44“...4...4.......4 .4.........4....4.4.44.-....-4,.....— LAl i
r » R aC 0 3 Al Al a0 *
'- r F F FF ll
l- l‘.
l- ll
.11 l‘
" .
u A
* 4
L . - L N -
.' ) ) [ [l Y = >
.
.

LR

-_
[ Il R -
E il o .,..-....I.t...l.l-..

Dl W pm e

oAy WO
.__.-..._..-._...v

LI N N
-
T
L]
]
1
+
-
N
+
-
L ]
L
*
-+ .
-
! L
- L)
L

1

A R

a2 a g
=
.-

—
-
I

P OIA

LI P T e )

'.'.-h||||||||i.i.i.--------####_#_4_1_11.1111""l'l'l!

L]

. ;
L} ) -
y . Ll .
Fl ] "'
A
* - 'l .
L]
L]
- r i.- 3
;
. : . A iy e
. . ) . - L} ]
) . “a .-"_ n
. ) l..._l_...i_....[...._l....l-..f..f..f..f SRR FY Y ha s s s e . N
. . ) * -
. ) - ” -
. ) 3 . -
l'l ]
.I L]
.I [ ]
. . "
. # »
N [
- -,
[ L
- .
. . m" 1
- . v
' i
; . . - 1
: 1 - 1
. - * | - t,
K- ¥ : S ¥
X ¥
. . . .
. » ¥
) ') ’ v
. . - N .
: ;
L] L]
- . ;
"a . ¥
r ]
' . -
I' -1.. .l
. k) Y
. 4 “ "
' ..- * .l- l.—.
L ; :
s ¥ el o] -
¥ * ¥ *
. i .- .
» » » 3
a s - .
» - » *
. & aw r
L - n .
. . ah o -
¥ . a "
. i - r
. . __.... .|.- 1.-
- . ) [ L]
* » '
- - r a
* L l.... ..-
. P
., - “.
. .
d .
. l". ¥
L] L) &
. .
L] .- T
'l l"l #I
. .
L - ¥
5 r ¥
. - .
*, .,_..II.-. - *,
) L] ]
A A
* ‘-11 : ¥
¥y - ¥
h-_.._..a___ " *
W i3 w
._.\l\. s .__-.l -_”
. » »
. - r
. » -
X ]
JV-t__._\p 1 » -
. B ¥
- A 1 . -
w . -
_._1_1___.. . >
. »
. s
"a "
.
" .
.
5
[ ] . -
" ”" iy
r ] L]
- - .
] ] 4
- -
-___ |I- 4
LN » 4
. - . Sp—
- e e e
* T
: .
L] +
: .
L) v
. P
L) x
a - » [y
. - W [y
- » .
» - x
g a . » a
X - ¥
a a a [ a
A .". & » ”
.. e =D |
X . . [ s
- ’ P - - .
S el "
pagr : 3 A -
. r . Ly
: “ A .-
. - -
' . ) )
. . -
. . - -
- * ' 'y |}
. -
. & - [}
' » -
3
. .___“ e g
' » - - [
; |
L3 . L L
._.-. - .__I L
- .__I. L]
= * .
LB .-I_. -
A .__I -
L 4-_. -
0 “ .
. ¥ .__I_. &y
. . . a1
. * .-I_. Kl
¥ »
l- .__I 4
) . a1
F |
-
[ ] +
.
» x
.
.___ "
u x
. 1 T
. 1 r
. .
- " '
¥ r
; .
¥ x
s .
. r
: .
. r
L] [
" u
- s
3 P
a - ¥
3 a
. ¥
- A ,
'l Y
* "
.
L 3 []
[y LA
s .
L] a
s .
¥ '
A -
%l J
. . -
..‘.I -_‘ l-
. - "
R ! ] -
] i .
B [ -
.....!o\!u-\ft.c\ " r
. 3
) . ]
k 3
* .
. |
[
» k
3 A
A * -
'L [ ]
'L [
'l L]
. .
i ;
' *
o
3 x
.
] X
!
] E
v
L] X
[ ] ]
& [ ]
» L]
s
¥ r
ke A R T T o e T
Y o H&H “...“&.......4....4.._ R .t .4....4.._..__....“...“.4”4”....“1.__..-4,.4'.__.,4,4..._..,.4r.4t.__..'4.v4l....-.qt.qt..r.qt.ql....q.q....q.q....q.q....” .”..4.”.....”_.-”4”... '3
Foaow b ]
-.._.__..........”___.__ . ...,4._....-.4!4.4... ” H.q.—._q“ .4......44.4;.......“...“4H4H...ﬂ4....-4.r...'.__. . x ......4.__..4.._.....4.4....4..........4....4......4.4....4..........4....4...__..__.4.__.4.._.__..,.4........__. [N “..__...__ "
P A A N TR Prate e . PR A B i a a a a MAE
P .i'l.‘l.Tl.!}.l_l.l.}.l.}.l.l.l..__l..__l....}. "aas . a l...l..._l.....l.....l..-..l..-.l_....vl..t ko PR TE R R TR R e e ey e
- ERLEAE 3 a0 M AL a0 0 T N R atalal al el ¥
¥ N T A A Al
. S ¥
a ok k a
. t
* t
» *,
» *,
v *
s .
". .‘
".
*




.. .
Vet u . . P
4 ._...._-........tl.-..._ ...-..__..r._....-.._. M
+ T O mog om - P ]
R oo . e [
[ e b oy m C mo e BT
N P .‘r.l.l"r .
T | il Bl Bl &y
. . Illl. . .
L) .l__...llq ) lrll_-_. -
i. . in
‘ o
L]
.
L]
.
l L)
.
............ 1-
. .I-
]
r
F
-
]
r
[3

hl

Al

LA A S A sy mh kA A A rw '

US 11,110,397 B2

I‘I‘

AR I ar e e R R I R T R L

)
y— :
S : m
-t :
= ]
s : w
= mm
e :

4 ""#_--'1'-_.“.&""d!lrl-l'l-'l"l-"l
o,
LT T I R R R R I L A I R R R e e e )

..I
.-_
., |
0 "
3
.
I
A :
" ]
* b
¥ ]
[ » "
L] ]
A
) ]
A
* ]
A
: .
* . -
F ] .
] ‘f"
¥
' T e e -
v i 5 ' ..__-..__t u
e ' XL v, o
, M
£
" 4 _l.ll
. 1
L 4
-
] 1
E
] 1
* 1]
* ¥
1 ¥
x ]
x ]
» ¥
¥ ¥
A .
* )
A .
3 L]
. .
b L]
ae e .
L I A o dr dr dp dr dr dr dp dr o ar oy A o o A A A A, Ay L |
E ol . . o R N N
.-.-.___-4'.__.”.4“4“...4&....__4._4....&.. .44......4._.43..#“._..“4.-4..__..- LR -hu.-.-.-.-.-.__.4.4....,.4,4'...,.-”4..._..5
. LN N S SN L T N el e i 4
> BN 0 Ot Ul ko N N N T I I T T T PP
S ) . CRENE A ST R . e e R M N N
. LI -.-.“.-.“.-.h.....—............—..........-..__..__ PRk L .__..-........_.-..__......._..“..-.“.-.l..-....-..-_..... UL Nl .-...-....-....-._..-.-.-.-:.-..-..r.-...
. .
TR R R R A e Dl e
B S W N N T N M ol s e )

UL 08 20 A0 AL a0 2

L& Ay s

- g R

qas OId

U.S. Patent

\

N

e

Aol ol ol W



U.S. Patent Sep. 7, 2021 Sheet 5 of 14 US 11,110,397 B2

603

217

117

i 4 4 & & . a .

i Nanl

By

i A e i A A

w

w

601

e

. e . P e e e e o T S e o T T e
[ [l . e L
"
4
' Tt N LI N N B R N R R R NN .
& - L] - . . [ I 9 e e e b B ROoEOFOTOO
:*',. -*:J Mok -.i--_ffq-l-l-i-q-'l"q-'-‘-"-"-'-“'""""l" R L kI N N -_-._l._l._l-_l-_lrJ-n.--"'-'."..'-"-."-"-'.'.*"""" ettt T T R -.:
NN : P - y
F— i.- L R A M Re -
L L] .- ‘-‘I . ¥
1-4.4' '4‘_ 1
' At 1
y*j --*q-. v
_rll*' 1-*4' T
N :
M e .
N e . '-‘-'-'-'-'.v-'---.'-:'-l-.- .. e o
et o w_-_."‘- Tyl W . L Y
. e i LT, .
Ty Ty T T e )
r ¥ L ' | -l.-.‘- FFEE®m [t Rl \ . k
L ] [ ) - N .-..'.‘- R EE Pl el . . .
» » gl g g Ll . k R ¥
f W] ) --.i_w'i'-rlli - - - - tak o .
‘*‘ " *. ..- -.'-W| [ i} . bt . 1
At Sy -.‘..-. " .
N . .
W ! ..:- . X
oAt & P i il ) .
- & &k g L R
. -‘4'} 14*' .: - . ] F Ry *'._ [y e e i T L L e el il o R . a
st ' . Ak tin el WL VL B P e B P e N o e A '-‘-_- ¥
BTy ¥ el N "i"'".-"*"*"_""" T iy gl e & & [ 3 ) . i _— P PR e . . -
. . o - —— o P .
i I.- o e g e T e — T, T e A e A “-':_ :.-
- = L T T - oY 1™ - F - & F k" = :.
o wh . - i "':':':':.‘:;..-—__-.'_-.-.%-,- ol e e, A A e S A A il Tl .
e Tx ;' o Dl il ’ NN el \ ':' )

L L e '™ R N T T i I .
LIRS T MK T e T R e R e . ':' -ween . R I N P R T T L e, :. i
e o L el e i =Tttt Rl ' . I
N ‘ . N W PN R R .

’ .‘*‘I '**. O ey oy & e T [ b - :: .
4 - K "o - —
-.-*4. i*l 1-' :-: L E e i k& ,.'.__‘___u_u_'_q-"‘qlq-q-# dp & W Nl ... N w e w o &N .-.'-,P-h-_l-l‘f.flflfl‘-.--# dp o B et . E
r BN ‘l : e . iy & B PP P ek A LT
‘l“ 'i* -' K3 ,.h.# - el -'.'..".,'F,'F I T e Ry R . e e h_}_."m.-.".'.—.** - f r 3
,':* :‘* . o 1"-—‘1'!"‘“‘--'-"-.".."'."'.“‘." _..._-'- P L TR e, e gttt P T e b T Y L LN . ]
L . el , .
-5 ' . . Ay gy dmkr s & B ] ] I.. L
Howmy ‘., ™ {- A .._i-i--.--.l-;"‘v"\-l-""\---... 3 R . .-".-... L
‘4" -.-*'4. o . o g L W e BT Tt g, i R R e e - , -..-r'- i, M
o . - Bt
-.-:J,- :4.' s [ L L R A R PRt e e e - AR Pl ey e PR Sl bl i) Rl -.‘".."‘ L '
. & . 3 - . R gl - N "
25t t = i P T RS et D R e . CRCr . e e e e - -
AL 0 W ¥ AT p e R R R U e I -"!f'h ] o -
Ny "y . L Wk N 2 W ’ . s O Nt T ! - -
. . T e e e T T R et Nl e et A R o
'l*l' X, ‘l.. 3 " & Bl B T R RN R R L - . e e ] " r
St by ; Tl e T T o - e "' mhtuta it o e P ¥ 3 ¥ . LR ", ’ ."..‘ v,
PR ) ] . P N L N e e s ; LR . - .
¥ ¥ _‘F o K & Epme e | d T A I i I A A i I T g gy a -
» o _.. 3 Pt T i i S Fa i XX . : - . N
x N | . 4 e e A n ;
% B ."‘-, : L L .
' at iy R I | i .
Y : Mt WS . R T TET TR R K -.-.-.-.-.-.-_-,'-:-_'-f-f-f-f-f-f-f-,'-:-,‘-;-_‘-_'-_'-_'-;-:-f-'-"‘-'="'.'- r )
'*'J *'4,‘ H e ' -f-'.'-.'-.'-.'-'-"-"-'-'-'-'-'-w'-v-‘-.i'-'..—..-.- - e L)
"'*" '*4“ Ta “u
LR M - LN
AR ; ]
' st } 1
R ; »
Kok . "y
l*l- -r:q-_ L L
BT 1 N
oTR . )
-y w . .
L N | - -
At et * i
1 .
- » L R T S N W T N T R T I B I R RN R )
* - . ....-.'\.-.l|l|l|1-4-444_4_4_4444J-hl-ll'l-l-'ll'll'll'---------.-.....-..
r"-"ll'1'1'-.'-'-.'.'--':':.".1.‘I.#.#.#.‘!.‘F,‘l‘,#_#.#_#_# T T e e e T T e T e e e e e e T e e e i L e L]
'll '*j
- P
4 v .
..
i




U.S. Patent Sep. 7, 2021 Sheet 6 of 14 US 11,110,397 B2

ERCALAELER A CA LR AL EAEA LA ER LA LA ELERLLEAERLL LA LA ELELERELd Catl AL P L ELEL ELELEL L Edt,
Pt R At RV oA L T A Lt A L A Dt A L A L P L L e B R P R P R P R R L Bl
* + + + + + + + + + + + + + * . - - - - ; - - - a - a - - a - a a a
R e A A R R R e e e N R e e e e N N W W W e e
B T I T R T R L R T T T e e N T I o g T Tl ol Ll B T Tl Lk P P
N AL A ALt AL At e Ll L AL e N R N W e N R W % )

R R IS T SR S S SR SR S S S S S R SR S gt R TR P P Y R TR T T . T Tt RO Rl T T S

A N R L AR R S A g gk L AR R AN AR R N A R N A R BN A R N A R Nl A I L A K A A

» . o A R T T R T R e P R i
Tele Lo Lol el s De Tl Lol e Lol ol Lol alad s

e W A N A N W M N

¢ 3 A g i e i T i P i B 2

..... g N o A N Nl AN L A AR A Al KA R Al L

. . Padfyaadat ot adad b et ad st ad o adad
N o o A T

" P P T T PHT v A e s s Al Al A s G G G L A Al

e St e e e e S S i S e St e i et e B A

e L T T T i S S G G, G G, G, S G, G G G QR e QR S G R, QR Qe R G R
i L Iy I o B s B s g A A A B Ay AT A A A A A A AR ML A
MR N e e e e e Ko L e o Lo ot Lo L oe tae Coet e Coetee Lo Coe Cue et oe ton
S Aty bty Wty Qs Qs Qs a2 s 0 o o o B A B0 30 A 20 3 20 20 (B0 I B R NS At
UG CMCN et e S e N e S o e oe e e K ee S e S e K oe e Lae L e ot et e,

¥

=

.
o * -
-
- -

» ] .

K 2 g g M O 0 M o P 0 S - 0 S K - - - - K o K - g -
BT SO OBt L LT T, Tt LA S, Tt LN, S SN SN Sl St A A S A, e A M a0, A ot T, S A

M L Lot T, Lo Lot A N, LN LA, A S R A B A A S e, e A L

BB I WD W W 130 g g B i I o O S S AP E  SP T B T W Pk Wk

e R R R T T R R I I R I R R R R R R A R AR I AR IR

RSB R Sy R A S B At St *:'t31‘:'t'I4*‘:‘24‘:‘14‘:"4‘:‘"4‘:"4‘:‘"&:“. R R A R R R R AR

% e e R e o e e S S S G S S Sk e K AR A K R A g K 8 8 K 8 % % % 0% g 0%

W g g S O P S R e R e S S i S e e S

S R R e I R B s T R I R T A A R A R R R )

R T T A T S S DA A A A A
G B0 GO0 G i3 B e U T e B A A A A T Sy R A i T A s S Ay Ht A g
L o S e L L L T | T A A,
SSETETESETEIEIEIS IR dadad i
W W g ™ g™ g N ) K- - - - i
RN el e C 0 LT S LT S L L N LA S, L A, L L e 0 AL A A M S S, S e
RNk

¢

FIG. 7B

2

2
1010
217

411

B2V AT AT AN
sy asasadats
2 A R S e
datatata

BeR Lq 00 00 L0 b0 vt te et
YRR AR T A TR L AL AN
BT et f e Lo fedededede
R A A oA A e e LA LA
s B o B o S K S S 2 R
M T o T T X e e S o
) i ey i s A i s W
L L o T A A e e T
B o A S b b il S e B ol B, B At I
Lot fpa o teatpetoetpetoatontont,
e b A A L L .
o o o A o e o e o S
o b i D i A o D I L
L L LA L o e o o b o S L LAY
. - g

FIG. 7A

£ K e 0 K e 4 K K 0%
et e e e e e e e Mo b
BB e 4% K L, Lo
Lot Sethettotbotteetoet,
LT B BE T T M2 2 .
PL AL L L A L L R
P e e e A A
St e T e
o L a L L a  aT a A
BT g L LW WP
un % e % e 6V 4V 6 € T,
gl T g T T (Tt T T Tt gt
o S N A LA A K >




US 11,110,397 B2

Sheet 7 of 14

Sep. 7, 2021

U.S. Patent

-

; . ]
v i n..n
[y = ; H i .
AN .

L B

L]

M

.‘-
v

A AR e
" e
r
T

L4

L

0 4
Fatale

ki a
W

.
4 4 4 4 91 1. 1.7
LI |
i &
Ly

a2
L]
N

LI |
)
F W
IS

L]
.
SN TNy

L]
L)
-
-
-
-
-
-
r
-

L I B B R P )

et e e

-

I W N R N NN AW H
ey

»
- L)
- - . ok h A A A A A h k- e e e e
L) o dr o oy a4 g - - . eoe e g o e i o & o o & & o & & dr b dr i b b ko oo oy A A g A A Ak
BT e A T T T N e e e e s e M A A
R W e e TR B %, M i 00 A0t ot e Lt b AL A al A C AC LAl N
A e A e e e
w e e  r aa ST N T a Y B T T T e A I M N
I S T T e e O Pl e A . M N B 0 e T i T e T e S T i S e e e e A il
) . e e N I N A M A A T I ST T AL At ot s aC al al al ekl el ST
i ) e G N N T TR e St M st e N A
. P i S N W
- F F
o
LI ]
n -
i
a - L
i L]
s .
ot .r‘.- 1
] . . . " - ]

g8 "OId

108

o
R R R

X kK Kk N E K

V& OId



atent Sep. 7, 2021 Sheet 8 of 14 US 11,110,397 B2

Q02
914

A4 4 8 1 _8_§_ *_*

u'-'-'-'-,"-'-'-'-'-'-'-'-.'-'-'-'-'-'-'-'-'-

4.
. i
.*.'.I N R e e e R e

k! L]
-n".. "‘
A L
o 5 L [ ] LB -
A, L T . :
L, R e’ T e ™ ™ ™ o T o T o o T o P o o o o
Wi et L A SRR
ot e |r ¥ *'a*b*b.b\k q_:. o " " . ! .......
'l"" '4‘* *:' ‘rbﬂrb‘lb* . " 2'.' .'-. ] LR N W R AR AN 1-1-il--l--l--ll-tt%ﬂﬂﬁi‘i‘-‘i‘-‘i‘-‘“““ml ------
& - BF - b*** N ':' ...-."- i ....... .
T & T & 4 L 'rJrJr n_n . .
& & LA I ".'.- - ‘ ........
LS .i. W .,".,'-u- L - '.'.+‘.-. . : _________ .
1.*1. y‘x' . L Jr q-*b*b*\-*b'* P -'M"E-.- BoR e s e e e e ¥ .
4,*. 4,*. **b'b'b*** b J.-J.-J.-J.-J.-er"b'b'b' ***bbb* "'r*b"nr;- : [ Th R e e e e e e e e M
'r*lu T** b** AT T T T T 'l- L b.* ™ S
F P I 00 I U Y Rt T
':*I ':*f A Cr *"*b.* Jrlr"qulr #3 {’. % - :l:l:':"'l""' ¥ .W v NN R R iy e """"" R -
LML l'I-l-'i-'-l' .. T i S, -Mll‘i-i-".'-- e .
& - B - TERERR IFJI'errqiz LA L] I'.'h-- LI L -
kb w b TER & I a *, LS LI "....
ey TERES ﬁ-‘-'- e RN Jr*r"-r"'r"lr x n " B P S P A SN '-F-"'-"- . e -
TR l-l-l'l_l-‘i- e . Vet . ': . "'""“’“’.."..".."q-..-.. "-"‘-"‘-".._._...i.*-- ............ .
- a'e AL U TR W ar o - W'y e a eyt -
Tk T & TR R R v el oy 'rlrblrdrl - .
E ) i o U L A "'lrJrJrJru . "Irlrlrquu ............
LU ) Ll ] o \' # I o i’ * on_n b -
L B T Ealy XN a Vet 4 ST e e e
¥ x- L N N ey gy wetely g -y
M ) "‘..‘,‘",.‘*- s T T .,._;,.b;,b,'r.‘*.* .. e ,,.b T R
et { S R I NS SEUSEEEEEEE
L L ] """"“#l T
B MR ) q.-q.........,., R
R LA ‘ o L
-r**-- -r** ! [l ) "‘:" T" ..............
-r*]- -p*a a - _*I ..............
T oM e
L WP e
Ol - BRI e
PO " L IR
[N » .: ...............
'4*-'4.*- - T
R oy {
Pt . b h e e e e e e e e
BN ]
pIE 5 el LT
'y ok
X m Ml h s e e e
r & k& &
5 ' m bk s e e e e e e e
wa N ::'
5 & - a o h s e e e e e e e
¥ X -
R ,.:' M hom s e e e e e e e
[ e -
. PR S . 4. 00 R MR o m o N N T . T, . B T I L N N N N Y e e n E E E o N N R R R
o -r:q-_q-:a e T
. e ' T
P . b s e e e e e e e
¥ X *
o T
i axe- 2B  EEEE-sF AYypsEEEEEE&EEs w7 Tl Y ssErEEEE:-. 0 W 5 B fE ¥ EF Ay e R EERRREEEFEAEEF EEE  mF B Eocos ot s w e
P
!‘J “1
! Wt
I I Y - A Y W W i e s e E E R B N T W . TN w i N N u I R S o o o o e e T i S Sl i i S S T T T T T T T T
.,:J. y:a. .................
Fral 0 sags SR gewmwmEey e e m s e e b s R e e e, e O el sh W R e e
'r:lllir:il .................
L L
ATy rwl BN SEEswems 0y e g EER e e e R e B K R T R s s s e
v sms gt EEeswgs. . e A 4 v m R R R Ry Rs T R e
MA o wmE B EEswmegws ¥ SR AR ¢ R Rt arTeEem o wEma -k R s s s s e
N
1-:*‘,:;' .................
T N N = S inl i . S T - T L . T = o S i T T Sy Ay e oy Sy o T Tt T T T T TS T
**I- ‘*I- .................
PRI ]
s e - = W o I TR T N N S O o N o e o i
wh BA
x5 a2
e T W = n o T T 7 JO. N R . T b T R A . T T N N N m T T T "R P
T o ™ o o e . o - S - e T o
q.:r q.:| ................
- -
N I"'-i ...............
Tyt P J.- Kk oaa ‘-‘:‘;‘.{"."' o e - T - D T u T e N e O S o R S A el o i T i e et
LU L “‘""#-I
a R v -.nrr.-q-q. -|-'|-q.|.|.|.‘..|. ...............
I‘.--I = . & L "-“'#' L]
= LR va-lrJ.-Jr L L A . B ol o ot R RN
. X Vet L
4*'*‘ (SR bb#"*bq**.‘.‘-" ...............
Sk o mt v R o8 AE o E- EX N O F - I rsEEEEEE LN L@ EE  -E R s s e e

Il..l-
- \ S
|| [ Y Y -l
T " - SRR
‘ e o SESEEEEEREEE
M ) L L T
) '|'||' ,.:'. T N R T T
e = s SRR RS
:l:- - o e e e e '*: " \
':::_ :: I , g S ::: :
: ) "'...' '''''''''''''''''''''''''''' ot . R Sty ': .
1':"II:: ) '-:-'1:'1.:.'1:1"- q‘-‘-‘-‘-‘-‘-‘-‘f.‘.:;l.‘.‘ﬁ%ﬁm‘:.:-ﬂi TERERER) -r"-'-"-'-r"-"-r--"-"-"-""-'--"-"-"-"-"- :. :.‘
- m* g w s s omEmEmEEmEm » L] [ - |r " ] ]
.:ﬁ.' et & r '-"-'-,-..-.._._____:‘.__ ‘f.
., IERCRCRENCRCRERE RO 3 . el s '
ﬁ'— LRI RN o fw ) *'-7'-:-1-.-.*._._'-,
............ * 1" | ] l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l‘_ll'-ll"I'-_ll'-.ll"I'-_l'-l"l'-_l'-l"l’-_l'-l"l'-_l'-l"l'-_‘ ) "._ - : : L L L L L L

5,
222
o
b,
w
4

e Qe e
“

-----------

.I
.

----------

-l":.-;.-l'l'

-

"'"l'l'l'lllll'

4 = = a N
................. llll-ll-ll-llllllll-ll-ll-ll-llllllllll-ll

!.":"-'-'-'-'-'-'-'-'-'-'-'-'-'- -"-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-

.II.I.I.I:#I.I.I.
""l:l '-I;
S

e

FIG. 9B
911
™,

a
Illll_. F i BB B B & W b % "ot .
3 L] -l--ll-rili L L N T N N NEE NE R R
o F F 11 s

| i | F o 8 @ P a4 2 1 1 ...
el e "'.".""'."."".".' e e e e e e e e e e

..... -'.'.-LLLL#““-“ - II'I' Y FFTFE . I A |
S ATareren % LR e e T e e e B R

LR LI B R LI B
1 om o

| L '8 .
J = e ey
e e Al ',
Hm N '- [ ] L T T T T T T R T T T R T T R T T T TR
G .I.l '!.':::: 'l.':":':":':"_rl_ [ ] LA B B N -h-h-h-h-h-h-h-h-h-h-h-h-hhhhhhhhhhhhhhhhhhhhhmqumwi
- ..... -|'.'- |: 1111111111111 ‘. {_ .:.,
:.:. -'...- IR '4“ (AL
BT L. .
:l:l \ TI'I.I - TeTTTA . -|'l-.'l-.i-.'l-.l-.'l.i-"lll' .lll"lll"'lll"-'-'-*-'-'—'-'—'-‘-'-‘-'-"-'-"-'Il'-'-'-'-*-'-'-'-'—'-‘-'MMMMMM .:.:.
11111111111
N g, SR , FIEEE X : i
Loy . ’ "1.-9. L I N BN NN K s -
L "k 4 s 1 E:: n'n a_n '# IR N \ St
’ ‘-.'1.".-.:.:.'_.:.;. Tl L W W T " B b ! St
- 4_n ra_ . - - e . T T -
B AT ™ - MRl ma - - - = = = = = = ol NN NN NN NN NNENNNNNNNNENNNNNNENENNEN NN N R ae g e e g
LIRS . !-'-"-'_'-:I:-E'- Ca W -1-_-_-_-_-:r. L i
‘h*h h*x 1-' L erq-bq* ko - -IJ-"'- ..
'4.*. '4.}. - . A r b_bl*"qbqbl* . K I:. ] P e e S T e R Bt e e B B R e B e
4,*. q.*p -EEE 1 -t . *'r*b.b"*- b odr gy ! * T N . ~kis. RN -2 P PO
T & v X L Jr oA n Ll
L verrrxaaal 0 TerERaes R ek e e
] . e SRR S
o ) e
L r L 3 PP L Jr L B i 3N T T T TE T
‘:-. *:. 1:&:: b.* [ Jr erdrbl LI L L L L L L L L L IF-H. lJr‘Jr‘ LA r *"1‘ b D TR N s
. T - woa L TELREE .
*:u .,:,. - L/ '-'- o *-.*-.." *';,.b;rb.* . q'n-"‘r i e g e e "
- - a - " - e s, T el bl b o T R B B T DL D A e YRt Y
r..::-_ ‘:J L "'t.- l.'q."':';";'.'.,' - kv *h*b‘b"k"kbqb e 5 ...........
W et . e R R T s - . e o o S e T I VI T T
-*4_ *4_ .'.- L el ) |.l'-|.‘|.'.|'.,. . AL A T e el L TN U
d or O DL L L L LRI R ] T 5 1 Tl Sl S e A A N N N N L T T e
Ly * & .= L r b o
- ] :: S L R Ty ras - e kT T R e
-r*q- --*q- ) . * ll‘_l'll‘ll'll‘li . - = wr "'..“'.,".,",r"' .- L *"_lbl lrI'Jr.Jr R T
LU ) T - LAl L "l";lr#drll'h L N r b
'** '**. ) - 8 .' ) L "_‘."-b'-l'l.' [ b.*n*-..*p‘*"* L Y b-*l-*b* [P ™ Tl
B i . » "_.. iyt ":‘:"‘,‘._ . b*‘_:*h‘rbq*_*_* . T T s e e e e e e e e .
L IR [ . L] - SRR e 4 ST Ty gt L,
r‘. '**. ;- . ‘y‘.‘.‘-‘b‘" .. b - * bt gt . ™ o v
e - ! SR :
LI B i *lllii-l--l lwl LN L . - L]
-k v R u] q.-.,.,., .. 'H - o s
r:q-_ -r:q-_ I :EE.' ll...:... . N .. L ‘._'l **_ . - R :
F 3 FY “u T T T T T P
LM > e A e, oA
N :_Z ::E:: " e P N L
‘:j y:} u, |-.'.' . T ] .. - X .. Jr‘._ ;,* . ...:. ..............
1 - - » e o " "
‘4- *4- " ‘I-I-I T -i;_t- 'y m W = n .Jrr.-' M Y "
I‘*I '**- o - ".-.- T . 'h"* L*ﬁ. br*- . **J ¥ || o .. a b'rq* T*. ...............
E IR " - | ' W TR ¥ K x m Y Y T T T T T T T
LE | - -.-.' ] L [ L | | g r
o P "'--' e |._q- N ¥ -'e n H 4 A el T T R e e e e e e e e e e e
ry ow b ] 3 L] || r - B & L ] | - W W i 4 &
& * . . I-I' i k L] Wk ¥ x5 LY ' W | ¥ I T T T T T T R T S TR TR
Ty K. . ] . ) » ) X - u W 5
r » FY y ] Y "., - - - N T T R T T T
CICHL M " . T - LR o 'y r
' W S e 3 A T e R, llliniiiiiii
I i } * | o Y b e B * o R
. .‘4-_ - *4‘_ . S I'I' . - ¥ . .'* fj *]- - x ot o ‘*** A n .. 1, .. A o N NN
L ‘**. '** 5 "l .-.' L] bl } - " -’|‘- -*J- *ll N lnlnky*." v |-**" .. N .. . A
] --*4-_ -r*a : 'I'I' Eal el i ) L - - L .'Jr '|.'J- 1-*]- || J‘- r i L 'Jr‘lll. " y-*; . || - :: ................
. LN u .I-.' . .." N B - N "'* v, lx A AL A il :: ................
. . - . ' P ™ i o ¥
wow s \ A R <l - 3‘- P
e ; ] ) ] — ) LN | ) | . -l:I
F R . - . ) . [ X h x i |} AEEE N R N T
s Sy L T A AR e - B S SRS SRR R
L LN ", L] -' T by - H'.I_'l- & | L S | E ] &+ 4 T b . #‘#‘* L T -
L R o . - . - . i’} "-‘ . n R T M O
L) ) K * . LN - mEn Fal * r -
.r*x- h*j l: u . .' - |. v u ' . -.' .... - ' LN q-‘-* L T T R
L ] - “u .' - |p J.- N -* HE W) - B - 1'4- & X 7 1
. ety R e 8 B R SN Dwlliiliiiiiiiinn
T s l: . * ::ﬁ e ‘ AR . IR - R M e
L O o L] 4k - ] .l:
R e e s SOE
‘*J- q.*- = N ‘:::: - LT ™ e
L J & L] u L] - {
o -3 o0 - Fow i
L RO ] - 3 L] -
“ ¥ r R “u - - » T
el % o , : % ................
b &k L] ] 'I-I- . i P T T T T T
T N :. |.- ' ¥ .
P . . - ................
L EE R ] .' L] r T
. bt . . : . O
IR Fate e N Sl T » . Mt ,
'* .r‘ ' a .'.' .- . O U O L O L P P 2t & . ] s A . ..
»a B J- .' LU0, e T T T . » . B Lo & e s e e e e e .
e - TAREERER A s e e T T e - . = . mommmmiy W -
PRl . ,,.;,q -.-...,.,.,.,#.. ,,,,,,,,,,,, N e R Ve x e T T T T T '
Fa o e J-'-Irba-q R e WM v B . . LN - - . .
Ty ey o P T T " . T T .
N l_ll'll ) R !-ll-l-lln-tq -------- u'l"'- Bl o e T S T e NP L N . -
" Rk v X - LRI ERFEEE 0 v 1 s = u T T T T T T T T T f
" rtyin i ot N lorss N e e R R N S S
- M‘ L] [} Y (S Jr Jr ..... ra - _ .
N e o, e A, L g, » * . - . . .
. i ) a . . T A e BENE N ¥ X oa -y TELE . . . . . MR s e e e e e e e e .
- : - ¥ Uty . '-.-'ﬁ MR A ICIEN T N e e e e e - . " . M v N I R )
. - ""."";'-‘-' ’ ':'- el URIRIEN I A N W M I ¥ G R e
L] kK L I. L | LR L L | L] oor - L)
- = L * -t LAl er L L K C IR BN Am A
. - _-I'I' . on it *l-*bqj- . Il-- L Y "-'|'." ‘ 7 'r*' -.-*J- L L STE e e
| L] L I - Xk B X ¥ P e S Y
mm Sty NN n LI A .
[ m . . "] iy % | RN [ T T T T T
e w r T T e T R
a [ .
- .... ] .-.'- 'Jr_ i. ..............
D m m .-' & T T
& -
| X @ e e rm e e e a
A K '
| ] L} ]
=n
ma '.-.-.ﬁ. R
o Ty . o '
T .I.l N ) 'I.I 'r" i
. _.,ul" Ty 'I.I »
I.I. " I' i-l- L]
I.l.ﬂ b I- *I' ..
el 1l.l'l' ¥ -
| L | 1*-
.
e .. L
||
-

r

'-.'-.'-l'-.'-.'-l'-. "‘q"f‘q'"

'
-
- |
.I.I
' l.l.l
|
-
r B N |

.I.I:I:I.I.I
I.I.I.I |
- L
o e e
e
..")-_.-
o
"

e
-_.- R ...-
L R
% & b = ko= b o= ]
-, .l.l:l:l:l:h:l.l. J " .'
- RN gl "
.l:l:h:l:l.ii I ﬂ:::: -r'.-::.': N ." [ |
O) e . ::' ot "E e e e e e e e e e e e e e e """ """ " "
........ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ryvRe
- S




U.S. Patent Sep. 7, 2021 Sheet 9 of 14 US 11,110,397 B2

?843

5

»

FIC

O%
£

. .
2 T

o

R

w

X X m mmm e EmEEE ... == == [ T oo o R

- ,»"
Y S
L3

w




US 11,110,397 B2

Sheet 10 of 14

Sep. 7, 2021

U.S. Patent

1
N
L
Tl I F - o . . e e e e e e e e e e e e e e e s s e
T
PN o - ... ..
L
e .. . T
L
e . . . L
T
B |t a A a . e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
P & s s oa s .
DIH ¥ a2 s w e
Eariry
o LR
L s
L] LI
. . ]
ot b
. . ]
] '
', : ' T
1 '+
a . . [
- ] ) LI - '
ot ! v LI 1
r ] ) LI i
e . .. oo . * . .
- 1 . L . . o .
L ] ) L T X 1
lii 1 - o - " 1 % “
. ] v o o Lt F I
"ii ] ) LI o P B
] ) PR 1 R B -~
. . F F F F F i ¥k F -
, . lll ] ¥ . & " v, AT A PR el Ty N T m I T
. . . a Y - i r - s our &l i bk * [ Sl St S R . . -
- 1 ) [} I » . 1 r rrr ek LN o ) - K . J
. . a » - a i . s ororonm F] Ak oa [ & Y - . -
1 1 * * + r __.I & . x P e P r T .__ln..___n.__l.__ “a * 1 M ¥ -
_Jl.-.. = 1 - [] I 4 & e a v o B oer e P ¥ - " L L
. . - [ ] & a F 1.‘."F FEL B '. roa & A rrr r . . [ ] =
1 » [ N r r rdr g oa F i rrrrora N X . . .
. . - ¥ +* & 4 r r BN o . a F L J r = o . - [ ] =
v [ * b B o ata? .jill_-..... o L ALIC I N e 44 F . X
" ] - | i x % w'n'y u =T il e Fl + T T ] .
- . . -k - N [ ) b W ' W e H'y x . - ] -
e, * ooy o v " * ™ a ..__H_iulll... e X L 2 * .
A Y ¥ [ . . ¥ T a NN X I " :
: . r “s L ;o VT . E A oW “ » -
3 1 * ! ¥ r v a2 .......r.... e a ™ * e a . [ ol A A » . - »
] 4 F L] r + .r.r ] - L] e -.- .._.... .r.r - l-.lll L .r.r L L3 4 4 n—_ .-
.k . _.__l___.. Poor . “. Tk -_u-__-nltll-.__ ._-:“ “+ T " L o ¥ onooa B .
. a . . . .1.”. P Y * - v- .r.._.__._ - ..-_-_r.._-_ ¥ PR N I T 3 .
- 4 v r 1! ¥ a " T - " s l ¥ oo “ .-
4 ¥ 3 1 A * _____._-_'l 5 W] T T " »
y LA * 4 ) - - |..__-_ _..I-. i x, y [ “x »
- : ..-l . i . 1 __.._. i L Sy L .ll.___ a..-_ o X - nn . . - ¥
- -, . Y . 1 1 o ] Iﬂ.‘- b ™ . w . ...... 2 - . v - ¥
- . . 1 X & 'y " | a ¥ o - »
i a * ¥ ] PRI v . P - w e a'm ll..._-l = LN ¥ o "4 i b
A F] " 1 1 : " “ ; ....._.__ e e g ” . T 1 1 I -
" + iy ! . r . .Jl.-_... - . i - - 1 ' A [
N * [ * - * P T | ] .
. . & T - Y r . - - - [ ]
. N ) Foo4 > - X A [ B | ] .
. . N o - ¥ aa - . - »
4 ] P4 A [ 3 * [ B | ] .
. ' - X » x § - . - »
" N 1] | » 1 . - P T | ] .
- ow. > - - 1 & - R - [
N L] i v - Eal x> ) [ B | ] .
» - x - 1 - . . - »
" 4 ] v & v - ) # & X e [ B | ] .
a a Y -"h o - . - »
+ L - By X ¥ ¥ Bk * S ’ .
- R a & 4 i r . N R - [
& ¥ . [ & ¥ » . & - ] ] ] .
ll - . - - L - L] - - | ]
4 [ - » m ¥ & i- " ..... _-.. L] L} L .-
& ¥ . ‘ . a s f : . [ r .
"] N N S LI i oL . ¥
[l - - . Y - & L] - | ] L]
L] L ] " L] - - . [] [ 3 ] .
e - - _—u L ¥ * . . | I
3 * 1] - ' T Yoo oo . PR
ll [ ] ] u T & & . [ ] [ [ ] -
L] - I L4 [ 4 - [ ] - . [ ] L]
* ] . L * P ] .
. . . Il . T .l.n 1" . 1.—. i -.. . . .
ll . - ¥ . " [] r aa » . . -
. * ¥ - » - -_l. ' | 3 x ' r o » -
. * ¥ = - e RN [ - .‘_4_.-" v . " . i
. * 1] - B l.l._ i P’} o L - * . b
i * L K X Tty - " X T . » n o
- * ¥ . H . . w - . a v * ] :
T F ] . [ 4 - . F | ] - [ ] -
e * 1] E - » * . ¥ i - .
| Y * [ e . . ¥ . | -
- * L] . L » > * . & ¥ .
. " . o aF 5 . i r . ¥ » -
" * r . x " * - . .__ ......_r_r * .
. o 1 . P * " TN ) __._-_. . w o
.o EI * 5 - & . ¥ ¥ | T
e " .o o o ' o T ¥ ¥ - | ) A.[
L] ] & F a . oa LI | [ ] i » " [ ] . .
[ T . .._I- .-_l __.I. .-_l ‘n - .....l.r_ ™ - ¥ N .
"y . L o o o LN * , _...rr . -
. * > Ay ] ] LN H » - )
ll . l.._.. & u N - iy = =yt . L b X .l_,..lﬁl_.r._r..-._rf.r{..l...q 1 .-.”_.I{. L) -
. ¥ S L] » Wi * X o T aa " .- 3
ll L] i wopmr LI \I\.\ L ] L] T u oo oy a . - .
. . a B . - Y - Y r k" omoEoEomoEmE [ Tt N I . .
[ ,..-l....% X & ¥ 'Y & wd r 1 Hrarsresraracr Ve o - . - ﬂfl
Ml N ' . - » . » - ' ¥ ¥ M s m == EEE=EEE=EEEEB=E® [ I . »
2 F R .. N X P - It » ¥ a2 WP e-r s rsrsrsrsrsrasras il "1 . a
ll - PR I . . a - Y | [y - [ a X a2 & = m = m ®m = = W N NN E E ®E E ®E ®E ®E®= e h . .
A e s h omd o » Sl - i B rasarsrasrasresrsrasrsrsroar e
Frr oo - ] r - [ - - . " A = m m m m m = ®m ®m = ®m ®E = ®m E = ®m = =5@m =@ [ "
N o M A r | ] L] 5 . [ ] & - W' 111111111111111111111111 a ’O’."J
Ll r r [ r - ¥ & Ll . [ il - 4 N =" =" m o= = omoEE EEEEEEEEEEEEEEEE -
. ' ' . P 'y - Y Y Y r W r = r mrsrsr@msrasrasrsrasrasr=sroas -
i ' T r & i wd Bl . i J S = = = = = ®m === == mE=EEE=E=E=E®E==E==E=@= -
o ' T B a ' - [y ¥ B Ersrasrsrsrasrsrsrasrsrsorasr a
' r m r ' . i i a4 [ . - ¥ =+ e s m s EmEEEmEEEEEEEEEEEEEEE
-. ' . w - - [y r'y ] 4 ie r mFrEFrEFrsrasrasrsrsrararoa. o “-
- . ' I ¥ » - . » - * & X . B = = = " E N E E EEEEEEEE@EEOE® = .
a -y ' . a [ 3 Y 3 pd r 4 ®mo m r mrErsrasrsrasrasroasroas § i a .
e . N - - - * & & k¥ K = = m = = = == mEEEEEEEEE P ] .
a D | - - X ‘ wi - wa i Y4 Hursrsrsrasresrasroa P A .
D ] - - Y 3 - - A W =" omomomomomoEmomomomm P .
a - 5 g ». i * ¥ 'y HArararara [ | .
i L .A\\\l-\l_- " ) ] il % hAas A "“" m#ov
r . a B E ] - [ ] L ] - r - & T F L]
- a a r 'y ' | & .- s P .
r ¥ 17w [ ¥ * a ¥ - 3
. . A ¥ ) 'l o or £ a : .
» ) Y » > ¥ 1 ) .
] - N l.1 ..b. l‘l "L i“. ." F 4 & v - "
- L I'. . & h b F ] hoa k- 4 * .
ll 4 & - r 3 » [ Fal ) i & "
& - Y g » 'y » Y a
—— i Y ¥, l.- ll._. I.- .__l. L7 .._.._. o .
. X o ) s ¥ x - A - .
"n paae o R 'y [y » ] PR
u x x omeTELE o . g o o . .n“".
ll " . ' P . - & * & & * N .
N L i ....L .... I- b ] . - .-_l __.I- LA i . :
ll .I.. ..._ ._.l .._.. hl.._ T .f___ - .-_- ) .._..._ ._..__ . ]
] o v e - _ e - * . N & . - 3
[ ] + L] . [ ] - — . [ T . & i au .
" 4 " ™ Yoot " - = - -
" <o LA ] Ul -, . .
. LI [ [ B v . - . .
N a ko mm i * X » a a r . ‘ .
s . LI Ea " X ¥ .
F™ 5 ) .-_. Y N ..... ] - u
ll “a o .-.l. s s ¥ - ) . ) . . .
T - 1.... v .l‘_ .-_i.. .-... - & L . . )
1.-. L] T G ._. L] LN Y .... Lo .
"n - .o ___ " . 3 ;
» a T T e L. ..l-.la -.la.-.la.-llllllllulluln ﬂ Hﬂﬂﬂv.ﬂv.ﬂv.ﬂv. en a-n e Sy
o » lIlll.__ ...a..._..._..__..._.._.__...u_na a3
o oz

-‘I

-
l

¥ " ¥ . vl " AW Ll '
nnuv lI:.-.l_..ltl ] " . aaaaaunn .
- naﬂnau.av._v ar ] . iy vav._u.._n._nu. s -
nnuva " : k ) . V.
oy . E y ) E
- . - - - o . . .. .
. . -- ’ -.- -l- u'
. . " - .l- ..I L Ly . " -
I.- - e g o L]
" K = .I- . ..--.I . . oy - "
" l-l- [y -l " - . o, )
. . o . oy - - . . -
] . A s *
. ---I- --I- - - - - -
- .l- - . .-l -
" .I---.. . ...-.I " " " "
..... . g 1 [ .
| ] - . [
.

B r.q........
L e S e

- o
.__.t.....q....q . L) .4,.__.,.41.41.__.&4.—....-....-....—._..4._..4.._.......4 .o

__..1.-..._..__..._..__.._..__.__.. [
i LIC O X .4,._..,.4,.41...1...__..4.-....-....—....-....-._..—._..4.”.4*....4.__4...” “ ._.._..4.—....-.__.4.“.....-._........4 .
' A L]
| ] e  a .v.r.q'....'........__...u

-
ﬂ.q;....t.....u.qt...........:%.._
» F]
F

{ |

I .._._.1-._:.. an

lflflhl#l#-f.

S
._.IIII.I _ll _l”,ml | T.l.ll L

ECCETL IRt es
n.ﬂ.n.ﬂ ...ﬂ.........

001

340

aol "OId

FOO0 L

;

b}

:
3
v
3
i
:!%‘
P
:

- -'l'I"-'-"-"-"-"-r"-.-‘-.l:':-T-f-‘iw-'-‘.':'_'!'!‘-'-'t'-#'-':'f

bl

bl

Ty e T B N N

'I'I-I-I.'I. = . . . . . - . .
= m K l___l:__l___l:__l___l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ _'l:_ L A i O A S o A S A A S A R S S A S A o .I: L -l: [y .I: L s

P [ B2

[ ]
A 001 & 4

P

CICNCTCICTC RN e

|..-.....-.....-.....-.....-.....-....|

:.:.f-“-‘-‘-'-'-'-'-'-"-f‘l_'l_'l;I;I;-;l_-_-_-_i_

e
L

AL SN

e
b or e el e e e e e e ey et

- "-‘I"- :"..-i

"‘. . :
i C X
P .
P ;

.-.--':"-':-"-"-"-"-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-
L} _i‘.l.- L]

L R

._.:.:._'.*.-L'i-*-'-

x
...._...__...._..__...._.v

.-..-......-..._..__...

[ " Y .-.—..-.-......-..-...-.....l..__..-..._.-....l. . - l..__.-..._.-..__.l......-..-...-..-.-. ._..-_.....-_.-..-..-.-.-.—_.-.—_.-.-..-._.l.-.-.-.-.v.-._.. .-.hl..!.-.h.-.hl.l.}.l}.!‘l.}.‘"..l.}.l.ll}.j.ll'j.
. woar oA - EPE PP
..__. t....q._.._...__.q...q W SRR LA A 0 O Sk N ._.l....-.__..v...1.__.-.....—.__.h....-....v...t....-.ri....l....-..r....q._..ql....q.q...4..........”!4 3
N N ) 4'41...-.4.-.....__..__......_.__.....__. PP .__.....__..._..__..__.t....'.q.._..q'... Tk LA AL o

[ ....-_..-. -k ... 1I|

Fa

& .nw >

W . »

-

-

)

GY0)

Pr0l
VoI "OIAd



U.S. Patent

1156

-
P~

FI

FIG. 11B

1101

FIG. 11A

1103

TR EEE
T,

1155

1155

Sep. 7, 2021

- r
-

R
- Fr FFF==a
TR RN R L SR T

.
n-'.l.-".l.. i
T

-

B T S,

..
- F T 4

4

d
Fe e e W
[l i Uil Sl S8

- 4 4
W T e e e
LU RE N B N N N ]

..
P R

4
1
L NE N B B N K|

44w
iy '.-Il _"-\- L

1 L L ]

P

4
P

»
a-:'-h"'-n- ¥

-
-
r
-

L )
'rl.--hhi-bbbb"l

4 4

4. ra kb

R N N
ENE' I O O )

LI N BN N

-

odp ke

T 4
L
-bb#b-bb-hb#‘# i
"
¥ rr -

>

x
r

_
St
T

1
_-h'._'-h'._'-h_-h_-h_-h_-h S

o
N
PO
L

Fo)
" T
)

»
P

-l.l-lll_h-lll*-ll-r-r-:-rffll-ri-rq
1
I.-'.
A

»
1
L b-b

r L

4
-

- r &

a»
L]
-hb-b

4.4

-ib-b_"-h L
- .
v

L]

TR T I R R R PR il S |

4

* ‘_-H
L)

I T
'
-r'.'r

R I B |
qulqlan-ﬁbbbb'

Sheet 11 of 14

LPLIC S I R I R K RN

LI
= Fr r % % F ¥ - &
Ll"l'l.'l.'lrl.bb.-. [ b"b I-"'."l"l-"lqlq-. PR

LU L Y O N R R

T EE KN .

o el e e i

1 L] 1 1 L] 1 1 1
e wrvrereeer ey

O . B | .
LI ) ~ﬁ~l~l'r'lir'lqlqlql*-b- b.b.b. b-b.b.'-i- -|-.n|- FFEFF ¥

L]
3
.-...I..I..I.'I-rlutluqlurlk.*.b.h in e ilm dr W S KK

qq‘q‘ql""qqqqbbbbl-l'l'"""'!-l-l--l-

RN e

US 11,110,397 B2

. - o
T R Bt Bl U T b
WL T TR

L A ko

. . .
- :::- -k e n T Y,

[ ]
*-
rEvy
L
r
-
.'.'1—"1-"-"!-"-'-"." i i i """."-‘ip‘".."-p -

Ll e et

. (S
1*.*._.’%.._-_-‘- |.-_-| r

-, =

]
11,111 e ]

o
LR N N I N N N A I N R ]

[T
.,.,.r|,|,|,|..-'-...'-'-........."..".."-"-"-""'""""""'""""""'""

L A L L L T N L N e T T e N T T T N I N T N e T N

bbbbbbbbbbbbbbbbbbbhhhhhhhﬁhhhhhhhhhii.i.iii.ii..bbl}l‘lﬁiﬁhﬁl------

e I R I U S U S
L.lll‘llliililitlklrnkl -

. LI L D I T )
[
l.l.llql.'l.ql'_-_'_-ﬁhhbbb F

>
LI N R e T T T g

= F F F FFFFEFEFEFPFEFEFPFFEFEFEF®"> - &

PR |
- -
ll_lllLQ-L#l*L""!**bbb'""'" b

& !

1 L |
F F % %% ¥ F ¥ -

*_4
e,

L N g
.- L o L -

Rt o'

k]
L]
'TmllllLililililililil-I-l-ll-ll-ll-ll-ll-ll-ll-l_\' L O L L

. l"I___ill_ill_ql. o i N i,\..l'l._d-._-'

- mw e i L

-...,...'ql'l-"\"-.- -



U.S. Patent Sep. 7, 2021 Sheet 12 of 14 US 11,110,397 B2

1264

- ..'

Iy
ik O
TI .‘_ - .."qu'|.'|. b-b.b.b-b.b.l - I-.I- I-.I- I--I- > F F FF b.b r b. 1 b-'l . X Lo ]
L] & LI
P
P s
SRR R
. .,‘.rl.
X -
r - X
'4'!‘
‘J"" kPR oLoLoL oL gyttt v a gl s oy AR R R R0
&
v
+ X
.:.*
T METEERESREREREENE RN B 0 0,
. A wm o m e R ,
LN PR N B i et e . .

2D

¥
'll. - s
Sy .
Ty .
¥ .-
‘Jl_ll‘_ ‘l
nY :
'r*-'.. |‘
¥
'r‘ v &
- R [ ]
"y :,._4.': M
" . F LR .
! oo
. J.rl. .“
¥ e
. . Y
Ko
. i TR L
1 . LR
f“ X T
L o
. - xr
N “x '* ................
. . '
. A
™ 'J' .
& “
- hhbb:““bbb F b b " % %8 % 8§ R E"s"E"®E"s"E"E e bR
P
¥

] -
SRR R R R Ry AR,
. . "li_l.'l._._l.'i L R o e e *.i.i*l*i-*i-#i- -
Nt A W et e et R
P e e e ek & L Ll ot

it a it it da b L
LN L o o o o o o o o ol el e B lll"!

t
v

gy ) A ke e e il it

T e lr'-'-"-\-'-h\ll"'w.|.!- e T

R AL L EL S SN U 'Wﬁ_- i iy e -
) > B -
roniinie e =i

jragroe ' . .
. " . ) . . . .
L ] L
B . . .
it R il i 'M 2
wer A e TR W L b e e e Rl Y N W "'1" .""'1!1" NN W O w e, L

1258

v
g
v

1250

hbbbbbbbbbl'!‘
-

SR v P LR L ’ ’ IR RN
e g bR 'i R T T B AT
. ) .
‘J.Tq i
L)
.*J‘j . . - . *‘.I-..-l f
. . r*. ‘J_ VR R - B L .
ot - T I THE T M P W W W W N W, Ty Ty Ry N N e
. :"r*' 'l" £ F ¥y k&SR
TN ) PR RRE LY -
' L L Ll N N RN NN
- h r i LT T T
: : LN . i e e IS1 RN
q .|_-IlllJ | ] o e S W oy oap i e i ool ol ol E U
! ‘- * ¥ ] b r Ty e e U
. LI LA K AR R R RN i
. o ¥
: : h‘l""l L] e pm mlmim it
.o A N ¥ - 'Y Y EE LI L)
- - T - *
) b '4‘ -I‘ ..- .
. RN 3 % -
o .
‘ﬁ'* » 1
N X
. i e .
+ M .
. . . . e . . t.,
o %
\'JT‘. 'i‘ .?qlqlqlqlqlqlql e m ==
o5 Y Patmlmbat
'I': "': ‘.; W """"'1‘" L
' . . T po N _E_N_4_ 4
Ty . T PR -_'-:‘v'i‘ruaaaq-q
."TI . T . . . .
YT L L1
':*:" . . ity A,y
-
+ ‘l - h 1111111!1-'-;-'
L ] - w
P
v " ¥ iiili.-ln.ilt ]
o )
AL " L P ettt g
Y
P
X ¥
. N T o T a T T O e P i
'*-*' N - F
*-*- 0 0 0 - 0 0 0 0 0
T T A A R R R L L L L L L L L L P L L ettt e e e e e e A

Bl
P

216

3

<<
ﬂ o4
L) L ]



U.S. Patent Sep. 7, 2021 Sheet 13 of 14 US 11,110,397 B2

&

11111

e s e e e e "ﬁ_:“ e - IR
e o : e e R
Lo e e T T R T R L e e e e B [t il Al T CRERE R e e e e e e e e IEI.I.I.I.I.I.I.I. I.I.I.I.I.I.

qr'

I'l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"l-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-3-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"--'\---'\---'\---'\---'\---'\---'\---'\---'\---'\---'\---'\---'\---'\---

.I-
il N

L
‘_. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘. .‘1. .‘. .‘. .‘. .‘. .‘. .“I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I ._‘I ‘_‘I ‘_‘I .i-‘b 4 ._‘I
| L

o1
.. P
.'.'.'.'.'.'.'.'l-'a'l-"a'l:“é"a"r'l-'l"l"l-'l'l"l-"‘-'-‘-‘-'-‘-‘-'-’-’-‘-’-‘-’-‘“'-'-'-'-'-'-'-'- L Wniq..n.-i.l
' . R e
L] LI N L]
. » .- -I'I--l.l-.l-‘l--.-.--.' ."F.'l"-t a - "’ ..".,". """
Pl - L '..-"- & T
- AL TR - J'-r"'- w . :. ICIIEIEIR
St h I N <Rty 'll-'-' 1 u W
LN ) .. -I-"l-'-."-.-lrb.-.-.- - w " R s e e e e e
wd bk . . B Ir LA S N L] ] ] L]
q‘4. 1*4- ' I---.bb-.-.--q'r*'r ll-'- ' ., R
. r &k T4 lr#blrlrlrlrlrl-. "W.,:-'.'-I-- 'l' LI L
&+ &+ UL L L S L L - . L ] & 41 L]
; ll**‘ll*l L a Jr ,,",_".,"'.,“' i bk h LI erub'.* . v R l".'.'.-?i-l L] . n _I-_ ---------
agease y o OO A EERS RSN dia o VTR XRBOREESRR
1:*1- ':*I LA Ir_k'rq " t;{l PR PR Sl b Ty LN 'i'i'j-.:..:. .'-.-.' . .:.. ..........
LA . '. R .."'-,."'.,"., |, x *l*b'b'b' b_b.‘r . ﬂ'-'- .".".'.-.. e
'
'r‘l' 'r*l' L W LW I“Mql,.l_-ll 4k ] b b * *l*hqb'b'b e Jr L L | ! -lil'
g P At i, "".-.-'.' -.. ..... "'**Jrlrlrﬂrql . Bom s e e e e e e e
. . o o e e Tt . Ph R T R
A 4,:.. *.:. 3 A Fald -. . LN _I'_I-.h-:.': " *"."" ;- 1:. l: .l.
. - - A e v ] ) a - T
. -H- t*a. i*l T iy .l- * i-.--w-"'r-'-'-'.' N " . - Rt e
i SR ' a0 e ,-' i :: T
. S g T Ta R RN e T T f.:..; T IR
] ':* ‘:* S e » 1 "-"‘-"—'-" : W 1:: R
" - oty T " s " - e e e e e e e e e
' o : e, L .!.'ﬂ.-..: : W%
i". r*k -r‘j- " F '- ':-: W, u; - .‘-* “a - “k
-q._i- N Il Cwh R ¥ .: B o= o+ s e e e e e e e
. ry vk .Y . 2t
[ R = PR Bom e e e e e e e e e e e e e
a Tk k& [ r L ] L
F .- A n * B o= o+ e e e e e e e e e e
: o : O L R
- 'r*ll lr*l' T -k I.-
e \-*l - e
- » x » . e e e e e e e e e e e e e e e
et Tt *p Y -|.l- ...............
‘ -*J. .*r I‘r " IIIl
'r** ll*' . --Il. -
] Y X r M B s e e e e e e e e
ks & - [l . -
B & - M B e e e e e e e e e
L B r ? [
o B e T " R e e e e e e e e
s r .1*4-. """" ** .".,' ................
i r - k& B JFEFE - "TFRFEREEENE b 'E & ....l. [
[ - L) P U, o . ¥ O
LR e e W] . .:' W
- LS | o W, W W \ ek - R e r e e e e e .
k- & F L *r ’ §
r r ¥ )y X .- Y B o= o+ s e e e e e e e e e
N N A $Jr L ] - h
- F 4 D) o : ¥ .. B os s o e e e e e e e e e
- A v & G E F W A N - . Ly TR o & T E Y
- L | L3 Eowow W W 1 . r R R R T T T T
LI " . . F o, . L l: -n
- Y o " . . 5 r Bom o+ s s e e e e e e e e e e e e
L] L L oow W N W ] r » LI
r B & o T - o W W - B [ *l "L 1|.. ................
o o T o . TP o L . . bom s e e e e e e e e e e
& & .:' o o w w W W ] il & " Tk
[N B . ' o - [ B om o e e e e e e e e e e
- L L) r PG 2 ...'g. ¥ |:' W n
I . u o . Y ™ " Bom o s e e e e e e e e e e e e .
; T & r & L - [ ] [
. Aty . PaEaa e s 5 e S R
LI A Ry sEew- T TR e LN T . .:‘ e s e e e e e e e e e e e e
' LI & . o b L] Tk
- --*q-_ -r*q- . LR . L
N rh B & . ¥ ... ................
‘*l 1.*. a ¥ . T e e e e e e e e e e e e e
a8t el "x . 1.' ................
'r*b 'r*J I-J- r*' ... '|.I.
. .r‘a. ‘-*j X o r'- L
X - % [] 5 - Bom o+ s s e e e e e e e e e e e e
1 L L B =r - [ ] Tk
EF ] » -k Bom o e e e e e e e e e e e
- B - & r & - [ ] - b
" r A b . u - R I
‘*j y*} 'r;. '_. ... ................
1.*- 'q.*- "., L .l. ................
r**. T**. t. B OB o= o+ o+ o= s w e e e waaa
'4." hq-" o - LT W e e .
LM Jr"‘v"ll.: ) e
X v ¥ : & , r ata M B e e e e e e e e e e e
& - & - o w o EW 1 . [ L] -
. X Kk & L v s B R e r e e e e e .
‘*j ‘*. ™ q' e h P X - .,' ...'r. '- .".,' ................
» X "'.-.-':lli'i—-l'i ' I R B e Nh rw W
' ‘J.-' - * '.."--" ,.;- . S e g N :*.I - A L
! - ‘-‘j. - -I-.l-.-'.-l‘:."-" - ! P T "'.-h.-.'.:. L _ AL e
. » X - LRI T N, AL - 1 . . r - A b e r e e e e e e
st L ) LN L * ' .
d ‘*. 1** *.*’b'* . L] 'l- -I.l - AL i - l'" SR e
r & r b LI ] L] l-.'- .."."._" " -n KT A ) ¥ T
W h b-*’b‘*- " : .1-.'..-." 2 L R *. ... e e e
u . wdog - - ‘_‘.'- . ...-.."' LR . .‘ .
. elaa, . . » . l'i-l- . .| 2 x. - I
= R 5y . b'y- 2 . [N 5 . . r ...-.. ...............
A ! - E Tk Ir'-'I|'|'.d| . l' - ..'- T Nt ';r' .... T a e e e e e e e e e e e e
.:. . e g -i-llll"ll . L L] "
) B e i R P . P O e
| | Ilr* b i k k3 PR el Y . i [ T R L T T T
|| L ke b oy oy o m - » -
u e e e e . DR N N T » .
) P . iy » N e xan "a .
| F rr bk ik irir "'.' . - "".'..-_- '.l'i--l N N -
.l - *\'*\'*H'*\'*\'*\'*\'".'.'." l.l'l L I.'_.I,'_..'l--i--l- L L Lk # #bl bl‘_'\-* . Irl .
Iy 4k b & ok ok ok B .-I-I-' LI AL ...‘I-i-i-i-l ST *L#l# LI ] &
- 'I*_t*l'*k*\'*'r*r*\'.:".' Ly, v w' e’ '-"'-"'-"‘- . b_b"q-'rqb i an - v,
» UL N -I'--! __.'-' Ak oay ¥ -
|l & LE S O B L ] = a2 - --I-hlr:.-la-qqu- L .I
¥
i .. & ‘i‘*ﬁ'*#*#*#*ﬁ'*#k:: ] ::‘.l.'Ph' -.-.".'- ' -'i-- *"q-*‘* i oA n '*i :I
g L] t*t*i-*\-*_l-*lr*#- L NN n'a a- 1 gt CREaT Y T T f“
| ek k& A LHEIE |‘_.- PR S -
| A e e e i Ll . -Ta N . . i
g ia- N l""-"'ll"l,l_- . -
- e e e e e e el e . :‘-"-""
'n A =
Ll ko ik ik i W LI
) ik d i R % A W]
| " Fr kB NS = =
B ar 'y dp ae A ‘nm IR
| .‘ Frk rr RN " »
e A | e
u L LR N e L
] P ) N
| £rr ke BN L
I H = i i i Wl = - e e L m e
* .: . :* :*:*: L | !: | .-Ir: j..lﬁljhﬁlﬁlﬁlQL*I-'I'-'I'I'I'-'I'm.'.'.'.'.'l'.'."!-'l"l-'l"!-'l'l-"a*'-t'-*'-*'-#'-*'-t'-b'-**+‘*‘** LI B N
- N SR ERELREE
-y L) -l:a-.ra-‘_a-!-' e -
n i a ¥ = w
- .. 3 ,r"',r"',r"'q," :'d“ ey e i il i L i L L SR
& LA . 3
i o e e -:-::-
- PN W .
n B LA :1:_1
r .. . *-*\-*"' " -.l
.
.. :‘.i'*#‘.' .I.'i.
|| | L 5 LN
Tyl -
. . R
o] hovh
. L .
.
I‘_I‘ _Hl.h-l,,-l‘-l.\-lh-l\-l\-l_l\-ﬂ'l\-ﬂ-ﬂ-l"‘#‘#‘#‘#‘#.#‘#‘#-#‘#.ﬁ‘-b‘-b._-b-#‘#‘#-#‘#‘#-#‘#‘#-#‘#‘#‘#‘#‘#.#‘#‘#.#‘-b-#.#‘#‘#.-b“ll1l1“‘1l“‘.1l“‘.1l‘.‘.1l‘.‘.1.‘.‘.1.‘.“1..‘.“1“
. F

o R b b R b N N K K K B B B B

l'h'h.h'h'h.h'h'h.h'h'h.h'h'h.h'h'h.h'h'h.h'h'h.h'h'h.h'h'h.h'h'h.h'h'h

e e e

T i

| L

F

'
!
'
)
]
]
]
]
]

A

i

J

i

i

g

-

M 1-&. i v L Bl N |

L -"-"-'-"l-'

.“ . L] i - ¥ # i - ‘H-l-l\'l\'i‘ﬁ‘." ll -l
a2 e 1-3‘-"-"-'!-:-' '-'-"-'-'-'-'—'-1-'—1-11- - AT T R R R R T C C a aalht 'l-I
e .
s 't N R e SR R AR A e !
LINE W | E ] I L o
T, Iy - LN
- '_q-_ h*' ..' L]
J-*j - |. q ‘ .-!‘I
.
LI (I I B LK B B g Ly
Ll i'll ol bk bR FFE A - hoh b Rk &k & ¥ #h'#i‘ii_ii_iiiii-_"li L3
-.-4_. -.-:r ........ !.l-l-f-f-f-f-f-f'f -r'f‘i'_-r.il-r'_t‘_il,‘il‘_il‘illll._llLllllllll LA L ! wtrtutte e L L] :‘_.
o APty SOOUSCGOBEL. YOGSt SRR »
N L .
. LIRS E,
n Y r
1*1. 1.*- l'.
1y -
H 'q.* - . Y
4] 3 -:r n :-.
. A u il
EE T !::. - l‘.-
1-‘1 4" n:': o
X - & " 4
L L -
- -*n'q.‘ by |.'\' -J.
il LM - 'l:'
- X - e .-
b - b B r i [
'y F v & x L ]
---4]:._4.‘I -- L
i - R | .
! LI - b
i L ]
1 LR ] -
1 LI -
a4 K [ J
n 5 = .
LR ) L |
-** '.‘- .‘.
LA *
- .
* 1-*- '!._
r a A .o
r F F =
-k B a
N &
1*1_;* ]
-Ealal i .
'3 r*. "J.-- ..|. :‘
g ';r '*J- .' o '.‘ .l'
’ T % oy T
& w k i L.
lr" l'r B ) .I:
A L ¥
DO : L]
W L ] 5
Wy i L
T "> .
S i - -
b W o- '
_ll*' ‘Jl L ]
LI |
CIR \
BN i
LI ) .
[ L | el e .1 1 %7 1 1 1 1 1 1 4 4 4 4 4 4 4. 4 4 - .
N R N N N N R A R R A R R AR R i R o
LI T T i T T T T - T Salk Rl Rl
-r*J';"
[ SR 1
---*J.“q.‘I .
T h B -‘l' L I
_rl"l 1*Il - LJ !l‘il'-r--.‘ .
; St A '|-,|.-. N g g e e e Il'll'll'll'll'll'Il'll'll'll'll'll'Il'll'Il'-'-'-'-'-'-'-'-'-'-'-'-'
o, l‘.l._.l‘Il‘ll.-l"'r‘a‘.‘.*.*.*.‘-.-l.-._l.-.-i-l'l'l'l'l'l'r_ll'r_"r_'_ll_# A b kR A A s EEE LN EEEEE LA L
o’ .*. [y .
¥ et
r r N [ N |




U.S. Patent

1

Sep. 7, 2021

& F & F a1 1 91 %1 8 _7_9%1_1_1

> e -.-'u'-'-'-

o e e

[ [l Tl Rl Rl Bl Bl Rl Nl Sl Nl Ny, it

'r'rbb

|q#bbb*i*
I|'|'|'|'Jrlrlr"
bbbbbbqq||||kkkbbb'brl**bbb.
LT U Ul Ut

-
&
[ L IF lr L |
-*4- et 'rJrJrJr"_«IruIr e 'r* l:
. r L |
» F 1
» - L] i ::‘
rdor - -
lr*i.'r*. _'I lr. -
TE Y - . oLy
R rh . L v Jr onon L L |
E N ) a LN Irb:rq " r 1
- B b K F -t - '-lrlrlrJrJrJrl'. i
'*.'*. -. \bbb#bqb****** r‘ :ll
-r:lI -r:l- ﬂ- [ b: r "-
. . Al .
LRC a" o P
- % r X - e N W] L L
LA Yo' X PO O . *
.* 4* - r .l-l -'- iy l\..,l-..'-* - -'I.l -'\q "
b L L -
¥ X - & -‘-..,.,. i L]
1‘4' '*j _ Y & i'.-ll‘_-r'h.‘ . e _':.'
A " -ratata Y '
'r*ﬁ- ‘*a i ::'
~ b B & s L]
r X L) v
-~ & B+ - . .
» N » I "
2 h B & L4 ]
X & | ] - .
L PO B - y
F R ) u L
T W - e
L BE RN ) a - |.
L - .
- B r |
& 1k I: - it
LI - .
. b
'II*J‘ r*q. .I' ' T, L]
'*J- r‘*. .+ L] I: L]
LR - ll." ] L]
X ory . L] Ly
L LT L | |. - ] b
e w " . R L N R St IR i
X T & -l' | b L N ) [ ] |ll & T - [ ]
B B - . n - q.a._ 2 r & ok §
--*4-_ lr*lu  + I. " ‘:tir_ 'Jr -. "
rh B - || Frh_» L} L} L
. ety - ) Tia e S .
% r & |. ) or oo & L]
h‘,' ‘*‘ 2 .. * *j. LA L :: .
i) X r .k || Illllil-l' I| r . -
[ M » u 'lli,-llllllll o - . .
A . LY » 1
N N .l M al l'r'l'-" ¥, Th .
-k r & || r iq.a,'_-. & L -
L | LR B -I._ L L]
A KR || -I- st
Tt ) ) - -t
- I - - ) - .E- r L]
o ¥ - A, v :
. A -
LR L u LN S .
PR n I - §
" -4 * 4 . | L L
¥ » | ) .
L ] L] | T
e ' . s 51. .
ot = - - L]
] dh B Fm | T - L]
v o =N Al
*q-r r*]-_ i, 'r_ .
r*#_lr*l L .' £
- r & k& & i .'l
1.*1- ‘*r & i -.l )
-y 'y - - .. L]
¥R - x -
'r*Jr ﬁ**_ T .i :
v B T - 'l
‘q-r-*q-_ o
) * v h & .
x F) L .
LA .
:;.
-
¥
s
-, ")
] - 4
a ]
1'r_ -..la.
L a0
P
-
g
-
SN
I.lqull‘r b‘ -.I
Sl oA
"Lt ‘;. - L U --.l-
L LT ]

a a
. -
.

T

T i el el

LI R R DTN DU D DR TR R NI T T T PO TR O R O T T |

&
*
%,
' '-"-'--.-.-.-.-.-.-.-.-. et rera e a e
"-,-
'. IR RN

B .
| ‘_ubrilrlr
) llrJrJrlrlrlr

q-a.-a.-lr-.
.-..-J.-J.-J.-bblrn

Sheet 14 of 14

'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-

hhhhhhhhhhhht T L e L R o L L T L L L L L L

"""."""‘"‘*"‘#"‘*‘"‘ 3 =

TR R R e R R R R R R FERRE R R R R R R R R R

q.-.
Y
x"h.h.h.i.h.h.i.h.h.i.h.h.h.h.h.h.i.h.h.h.h.i.h.h.h.hf'h.h.h.h

US 11,110,397 B2

a_u

LI NN N N NE L O R |
e A ek

LI NN

""""""""""'"'"'"'""'"'""""'"""-.-.-.-.-.-.-.'.'-

* . A ] LI Rk "k Nl 3

A R AL P L L R RN N W ey

LN L |

.,"'.,“'..“' Jr,‘_drb 'rJr .
|r|p|r1.-"_a|-Ir
**b‘b‘b*q
- bbj-:.-.

Irlr'rlrl L]
'rbbq-q

Irlrlrklrllr-.b*

-.-"'n."n.n.-.-;.-;.-;.

l'-l'-..-'l:l‘l'i-h-l-l
WVt |r |r v J.- R

AN

L Y

e

-

" " b " ° - - - = 1" = 1.4 4 4 41 4 14 141+ ]
o e o e e b e e e ek o 1#.‘1‘}11111""""‘-

i

&
\\'a\'a'h'allllllllll"'-l
1-1

. .

'-'-'-'-'-'-'-'-'-'-

LN PR NN RN RER NN RN OB BN ML EE NN EE BN L N B n
-

wpu eoe e e e e

on

L

e

L

1

h_a_h

L B B N R NN RN R DN R B

'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-

¥ = F R E N F ¥

LI S N I NN IR L T TR L T T T T N

.h'h'h.h'h'h.h'h'h.h'h'h.h

[l Nl ol Tl

ot e e e e e e e b e e e e e e e b e e e e e e e ﬁ"'-I"-I""-I"""""""""""'-I"-I""-I"-I"'"-I"-I"'"-I"-I"'"-I""""""""""""I'l- L .

'Itltltltltltl

alaldaaad s, o na s R T T T N T

l_-h-l'.
IrJrJll

Irlr'rlrll
lh-lrj-q-q
bb
'r*'r'lr"qu-q
bb**b‘b‘bqq
IrIFJrJllll

bbbbbq-q
"

N, =

)
"w. - .'F.'I'-.-.' ll_'l'i-ll.-r.l.
- ..-'.-'.-"'
bbbt***b‘b‘bbb**b.b.bb** M‘-
EIL |

LI |r e
Jr"lr"_lrbl e x *..,"'

bbbbbq-q-q

L}
: s ;
T L ]
T L I| IrIrJ|'J|'ﬂ|"| L
. Tu - el .
sy o ’ Tl lll'l'llt-lll R A T r
N 3 - AT e Vet g T
- o ll-ll-il-l'l-. IrlrlrrrJrJr-- -
v d rh . & FERE R 'llrbblrll
x N - T S NS et -
N " - 5 " "-"-.-"'-"n. XX xoan o
. . . .
. . 'Ibbb L[]
! ‘4‘ 'll‘ L] LB L -ll'q‘!' e n t~_¢b1b|bqb ¥ n v k]
3 . N T, * -
--‘J. --*J. . x,
LTt pL R .
1-*1.1'** -I- A l‘_ _r\' ::‘
rhorh a A . .
n : X, o
'k ik - A
LR - LY » B
s 'r* . Y - . w
-*j \-*l o ::
P ) » .
- ‘\. r 7
f o i
v i ¥
v ol b/ " A
s ¥ b .
L] I. . 'r. -
¥ n s - ra A A
¥ n R * w e +
- "l‘ - L 1]
¥ . » 1-‘1-'1-_1-‘#‘ . A o
Sy u v w7
v - iy . et .
- p | ) . - [ -
o '.. XERNR i TN T r
. C S W ~ x
T - e N R e e e e e, - T
A . 1-"-’-".‘._'..#"'1“**" . "'l"l'll,‘_lll_i P ", l:
. :* : Lk l"_l-l‘I.l-ll‘- N - .‘. » L o W ) I.I-I-ll':‘: “ ':' :-..
L ) . | Lg *
) » » u PO
W :l e "y e 7
Kok n a . -
o . n . LA
& B F || | ] L} L
R} - ) '-11:-' r -
o - n - r -
‘*-r‘*. .i r .l » R T .
. --*q .r*j - = .. -|'.. ¥
Fa B F ra = || .-.I. r -
¥ 1% " m AT t
v - N S v
'l*l'_'r*# I‘_ ..:‘ " -
-k ok - - [
¥ x :Il Ir"'--__ 3 e
A - N v X
PN L P
P A N >
» ) A )
xx
e
1.1.‘.1.1.1.1.1.1.‘:' e oA
BTN N . .
N . "-'-'-"-'-:1-;1 e e sk ':"
JrJr'll LA N & a_n L - &
'rbb\-q-q LI tlllilllq'- T .
SR (N i N e
LR A R Cal o W PR
ety x g e n T e - »
ey Sl * -
'rIrIrJrJrll "
bbbq-q-q -
WTeleln aoa v
- hbj-j-:r"_q-bq P
\'Jr'rbubl* 'r.
r "
..
. -:- e,
LX) )
*b#*"lblb*'q 1* '
'flrlrJrJruu L
bbbl.-q- . .
‘-IrIrJrJrll T -
o Ve e e e 'u't s """*--"lr"a-a-a-q - )
—x q-"a-"a-"a-"q-*a- o ""lr.#* N 'Ill"i_-_.h_- Vel i, o -
B O v "-r"-"'- L R %
e T e '-"n'-_-' et v -
'rbb -
k"#" *a-:#:a-:a- . -'-ll"-'-_- o LT e "'n."-:a- #"q'bl‘_ X v, o
T N ety o
L - II_. 4 = R | 3 ]
X SR M et "
AN AR
it
o Tl
Pl
e
O
N J

r -.'-.'-.'-_'-W'-

'L‘L*L‘L*L‘L*L'L*L‘L*

lrI.‘I.'I.‘I.'I.‘I.‘I.‘I.-.

-

-I-I-I-I-I-I-I-i-b-i############F*‘**‘ﬁ*.’#*ﬁ###’#il‘.*ll‘ii

a8 8 N _8_§_ 5

L B L L L A

#ﬁ%ﬁ%ﬁﬁﬁ%ﬁ"%:

I-IIIIII-II!-!-!-!-!-!-!-"




UsS 11,110,397 B2

1

DEVICE AND METHOD FOR WATER
PRIMING MICROPOROUS-CARBON WATER
FILTERS USING NEGATIVE PRESSURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority benefit, under 35 U.S.C.
§ 119(e), of U.S. Provisional Patent Application 62/668,386,
filed Jun. 4, 2018 by John Davis Whitaker, titled “Method
for Water Priming Carbon Microporous Gravity Filter Ele-
ments Using Negative Pressure,” which 1s incorporated
herein by reference in 1ts entirety.

FIELD OF THE INVENTION

This mmvention relates to the field of water-filtration
devices, and more specifically, to a method, kit and device
for end-user preparation of water filters for use, particularly
filters that are dry when delivered and that include micropo-
rous carbon granules. While the invention may be used in
many types of water-filtration devices, it 1s especially suited
for use 1n gravity-assisted water-flow systems and will be
described 1n that connection.

BACKGROUND OF THE INVENTION

Countertop gravity water {iltration systems provide a
portable, economical and highly eflective way to remove
contaminants from water at point ol use. Such systems
provide ready access to purified or filtered water 1n a variety
of applications including field emergencies and home use,
and are gaining popularity in home use applications as
public trust i the purity of their tap water has eroded.
Increasingly, retail consumers are seeking to protect them-
selves from contaminants or levels of contaminants that
municipal water treatment systems cannot or do not address
or monitor due to a perceived or real lack of action on the
part ol government. Many consumers are looking for an
added level of protection from contaminants in the water
that comes out of their faucets. Many of these contaminates,
including harmful chemicals, such as lead and PFASs,
hexavalent chromium, pharmaceuticals, herbicides, 1insecti-
cides, the toxic byproducts of disinfection such as Total
trihalomethanes, halocetic acids, and microbiological organ-
1sms such as bacteria, parasites, protozoa and viruses, are not
consistently removed or reduced eflectively from drinking
water. Additionally, nearly 30% of Americans get their water
from untreated private wells which are commonly contami-
nated with bacteria, arsenic and other naturally occurring but
hazardous materials. The use of recycled municipal grey
water 1s anticipated to rise in coming years; this along with
increasingly contaminated source water from rivers, lakes
and aquifers creates multiple, likely scenarios where the
increasing load of toxic disinfection chemicals required to
meet municipal water system treatment requirements for this
heavily contaminated source water results in poor quality
water necessitating point-of-use filtration to produce drink-
ing water of acceptable quality.

The retail water-filtration customer 1s looking for filtration
systems that are easy to use and set up and that provide
adequate clean water 1 a timely manner with minimal
complications. Unfortunately, many common filtration sys-
tems on the market require time-consuming and often con-
fusing steps to start up. Customers who are unfamiliar with
preparing microporous filtration elements for regular use
may have a dithcult time getting the best performance and
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tull flow-rate capability from these filtration elements and
may be required to wait as many as 48 hours to achieve full
operation.

The U.S. Environmental Protection Administration has
taught against the use of activated carbon alone for pathogen
removal, stating that “activated carbon [even]| with silver
does not eliminate all bacteria 1n water and cannot remove
protozoa and viruses.” (See 59 Federal Register 223, Nov.
21, 1994.) As an example of the use of separate pathogen
removal means, U.S. Pat. No. 4,828,698 (Jewell et al., 1ssued
May 9, 1989) teaches the use of a microporous membrane
having pore sizes from 0.02 um to 0.5 um for microbiologi-
cal control. U.S. Pat. No. 4,576,929 (Shimazaki, 1ssued Mar.
18, 1986); U.S. Pat. No. 5,705,269 (Pimenov et al., 1ssued
Jan. 6, 1998); and U.S. Pat. No. 5,607,595 (Hiasa et al.,
issued Mar. 4, 1997) teach the use of silver, organic pesti-
cides, and periodic heating to supplement activated carbon
use. U.S. Pat. No. 3,770,625 (Wallis et al., 1ssued Nov. 6,
1973) teaches that viruses can be removed from a liquid
using activated carbon forms (granular, powdered or pel-
leted) treated with a sodium contaiming hydrolyzing com-
position, such as sodium hydroxide, after an acid wash. The
"625 patent further teaches that the method did not provide
stand-alone treatment stating “it i1s frequently desirable to
have filtration downstream of the activated charcoal to
remove any sluffed-ofl adsorbing medium.” U.S. Pat. No.
5,762,797 (Patrick et al., 1ssued Jun. 9, 1998) discloses the
use of a separate nonwoven, which 1s treated with an
antibacterial material, to eflect treatment of the bactera.
German Patent Publication No. 3,020,615 (Beauman et al.,
published Dec. 11, 1980) discloses the addition of silver-
containing compounds to eflect antibacterial activity. More
recently, activated carbon fibers have been employed in

water purification/filtration devices. See, e.g., U.S. Pat. No.
4,576,929 (Shimazaki, 1ssued Mar. 18, 1986), U.S. Pat. No.

5,705,269 (Pimenov et al., 1ssued Jan. 6, 1998), and Euro-
pean Patent EP366,539B1 (Kaneko, et al., published Mar. 25
1998). While these and other prior art references have
previously utilized activated carbon, including activated
carbon fibers, 1n water filters, 1t 1s evident that the activated
carbon 1s being employed to remove organic matter.

Existing methods for use by end users for preparing filters
commonly sold for household use are generally categorized
within three general methods to achieve acceptable flow
rates:

forcing air out and water into the micro-pores by a

high-pressure reverse flow of unfiltered water into the
filter outlet port, which introduces contaminated water
to the inside of the filters:

soaking the filter from 15 minutes to 36 hours; and/or

flushing the filter from 15 seconds to 10 minutes. These

methods are time consuming, water-wasting, 1ire-
quently messy and create uncertainty as to whether the
filters are effectively prepared for use—a top end-user
complaint.

U.S. Pat. No. 6,524,477 to Hughes 1ssued on Feb. 25,
2003 with the title “Gravity-flow filtration cartridge for the
removal ol microorganisms and/or other contaminants,” and
1s incorporated herein by reference. U.S. Pat. No. 6,524,477
describes gravity-flow filter cartridges for removing water-
borne parasites, and other contaminants such as chlorine,
lead, and organics from water. The filtration cartridge
includes a liquid porous plastic filter, which has pore diam-
cters large enough to let water pass at acceptable tlow rates
under only the force of gravity, while the matrix creates a
tortuous path which traps parasites and other microorgan-
isms that are typically 1n the approximately 3- to 9-micron
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size range. U.S. Pat. No. 6,524,477 describes that 1n order to
prime the preferred filtration cartridge, a special pre-wetting,

step 1s required. The pre-wetting step involves the removal
of air in a vacuum and then introducing water to fill the part
completely with liquid. In large scale production, the parts
would be placed 1n a vacuum chamber and after drawing out
the air, water would be introduced so as to more effectively
wet the parts. Surface tension cannot be overcome without
removing the air the first time. However, there 1s no descrip-
tion nor suggestion of how to deliver a dry filter cartridge to
an end user and have the end user hygienically and sately
prime the cartridge using water that 1s potentially contami-

nated.
U.S. Patent Publication 2018/0021695 by Ash et al.

published on Jan. 25, 2018 with the title “Carbon Block/
Filtration Bed/Conical Reactor with Fluidized Bed System
Allowing Small Sorbent Particles to Regenerate Fluid Dur-
ing Extracorporeal Blood Treatment,” and i1s incorporated
herein by reference. Publication 2018/0021695 describes
methods and devices for powdered sorbent regeneration of
biologic tluids are disclosed. Three methods are described,
which may be used singly or in any combination, for
constraining or immobilizing powders so that they can be
perfused with a biological fluid or dialysate: a porous carbon
block filter, a filtration bed of very fine powder, and a
cone-shaped reactor. Publication 2018/0021695 describes
priming a reactor (e.g., a carbon block) to exclude harmiul
air and permit rapid and easy 1nsertion of such a reactor into
an existing (dialysis) treatment system by evacuating the
reactor to a high vacuum. When the user fills the reactor
from a standard IV bag, the reactor 1s immediately ready to
use without otherwise diflicult to remove entrained air.
However, again there 1s no description nor suggestion of
how to deliver a dry filter cartridge to an end user and have
the end user hygienically and safely prime the cartridge, nor
ol using the carbon block for filtering water.

There remains a need in the art for a method and light-
weight delivery container for carbon micropore filters such
that the filters are delivered dry (for lower weight and
less-costly shipping), then when needed, are easily and
hygienically “primed” (filters that can be filled, via only the
unfiltered entry port, with water that wets the carbon gran-
ules and replaces substantially all the air inside the micropo-
res with water).

SUMMARY OF THE INVENTION

The system and method of the present invention,
described herein, simply and easily prepares filters i a
highly eflicient manner, uses little water, requires no addi-
tional water pressure or special tools and effectively pre-
pares the filter to achieve optimal tlow rates.

In some embodiments, the present invention provides a
device and method for ease of customer use 1n quickly and
cllectively introducing water into micro-pore gravity-tlow
water filter media using the negative pressure present within
the vacuum bag thereby preparing it for use. This simplifies
the process of preparing filters for use 1n a water purification
or filtration system. In some instances, the existing clean
water capture vessel (chamber, pitcher, etc.) included with
the various water {iltration devices may be filled to provide
adequate water for filter preparation, further simplifying the
process. However, the device and method disclosed func-
tions 1n any circumstance where the filters prepared using
the present device and method can be at least partially
submerged in fresh (e.g., non-salt) water that meets the filter
manufacturer’s requirements and the filter’s contaminant-
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removal capabilities. In addition, this method of priming the
filters does not require high water pressure from a faucet.
This allows for preparation of filters 1n the field, 1n so called
“off-grid” environments, or in the event of a water-main
break or other emergency where water pressure 1s not
available. In some embodiments, the activation of the prepa-
ration method requires the (at least partial) submersion of
the vacuum-sealed bag and the filters contained within it,
and the mtroduction of a few (e.g., 1n some embodiments,
one to 4) small openings—such as those made by puncturing
the bag with a common household dinner fork, writing pen,
pin or stick—in the bag wall at the device’s target area.
When the bag 1s breached 1n this manner, the surrounding
water relatively rapidly flows (as controlled by the puncture
s1ze and/or restrictions in the device that facilitates puncture
and water entry) 1nto a channel 1n the bag and into the filter
media as the pressure seeks to equalize in the surrounding
water. Vacuum packaging purges air (which would form
bubbles) from the filter media. Introducing small punctures
in the bag while the bag 1s at least partially submerged 1n
water causes water to fully infiltrate the filter media very
quickly (typically less than 30 seconds), optimally preparing
the filters for use. This device and method of preparing filters
for use eliminates the need for additional or specialty tools,
or specific circumstances such as access to appropriate
plumbing to achieve the desired outcome. In addition, the
vacuum packing bag provides a layer of protection during
storage and transit, where the filter media may be exposed
to strong odors that may be absorbed, or water damage. The
method and device’s use of only a small hole may reduce the
need to pre-filter or strain water to remove larger particles
such as leaves, sand, dirt, etc., which may be present 1n
source water 1n field or emergency applications and which
can prematurely clog filters. As a result, successtul filter
preparation may now occur in any circumstance where water
volume i1s suflicient to cover the filters exists, and 1s of the
quality required by the filter manufacturer, improving speed
and overall access to filter use 1in emergency, field and off
orid environments domestically and internationally.

The system and method described here fully utilizes the
natural attributes and actions of the filter media to quickly
and completely prepare the filter 1n a lighly ethicient and
cllective manner.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A 1s a perspective view of a combined infiltration
barrier, connector, and water-entry puncture-target apparatus
101 according to some embodiments of the present mven-
tion.

FIG. 1B 1s a perspective view of a combined infiltration
barrier, connector, and water-entry puncture-target apparatus
102 according to some embodiments of the present mven-
tion.

FIG. 1C 1s a perspective view of a combined infiltration
barrier, connector, and water-entry puncture-target apparatus
102 according to some embodiments of the present mven-
tion.

FIG. 2 1s a perspective view of a water filter 201,
according to some embodiments of the present invention.

FIG. 3 1s a perspective view of water {ilter, barrier, and
puncture target assembly 301 that includes water filter 201
connected to combined infiltration barrier, connector, and
water-entry apparatus 101, according to some embodiments
of the present invention.



UsS 11,110,397 B2

S

FIG. 4 1s a perspective view of assembled shippable
assembly 401 that includes assembly 301 vacuum sealed 1n
bag 416, according to some embodiments of the present
invention.

FIG. 5A 1s a perspective view ol a method 501 during
which assembled shippable assembly 401 1s at least partially
submersed in water 519, according to some embodiments of
the present ivention.

FIG. 5B 1s a perspective view ol a method 502 during
which assembled shippable assembly 401 1s at least partially
submersed 1n a fresh water 519 pond, lake, river or stream,
according to some embodiments of the present invention.

FIG. 6A 1s a perspective view of a method 601 during
which the polymer bag 416 (of the water-infused and
assembled shippable assembly 401 including water-primed
filter assembly 301) 1s cut open using scissors 699, accord-
ing to some embodiments of the present imvention.

FIG. 6B 1s a perspective view ol a method 602 during
which puncture target 114 1s removed from water-primed
filter assembly 301, according to some embodiments of the
present mvention.

FIG. 6C 1s a perspective view ol a method 603 during
which infiltration barrier 111 1s removed from the end of
water-primed filter 201, according to some embodiments of
the present invention.

FIG. 7A 1s a close-up perspective view, partially in
cross-section, of a method 701 during which the polymer
bag 416 (of the water-infused and assembled shippable
assembly 401) 1s supported at the edges of elongated open-
ing 711 having a C-shaped cross section, such that a punc-
turing tool, such as fork 522, can readily poke one or more
small holes through the bag 416 to introduce water to the
filter media 411, according to some embodiments of the
present mvention.

FIG. 7B 1s a longitudinal cross-sectional view of a
microporous water filter 702 having a filter portion 411 with
cross section of filter media 1010 manufactured with a
sealed end cap 217 and a threaded stem outlet 216 (also
called exit port 216) extending from the end cap 217,
according to some embodiments of the present invention.

FIG. 8A 1s a perspective view of an ensemble 801 having,
a single water-entry and barrier apparatus 101 that will be
used to prime two water filters, according to some embodi-
ments of the present invention.

FIG. 8B 1s a perspective view of assembled dual-filter
shippable assembly 802 that includes ensemble 801 pack-
aged 1 a vacuum-sealed bag 416, according to some
embodiments of the present invention.

FIG. 9A 1s a perspective view ol a method 901 during
which the polymer bag 416 of assembled dual-filter ship-
pable assembly 802 1s held under water and punctured by
tork 522 to leave one or more small holes, according to some
embodiments of the present invention.

FIG. 9B 1s a perspective view of a method 902 during
which water 519 enters at a controlled rate and then enters
the water filter media 411, according to some embodiments
ol the present invention.

FIG. 9C 1s a perspective view ol one example of a
purification or filtration system 903, according to some
embodiments of the present invention.

FIG. 9D 1s a radial cross-sectional view (along the dot-
dashed line 9D of FIG. 9A) of an ensemble 901 having a
single water-entry and barrier apparatus 101 that will be
used to prime two water filters 904, according to some
embodiments of the present invention.

FIG. 9E 1s a radial cross-sectional view (along the dot-

dashed line 9E of FIG. 9A) of a method 902 during which
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water 519 enters at a controlled rate and then enters the
water filter media 1010 to prime two water filters 905,
according to some embodiments of the present invention.

FIG. 10A 1s a perspective view of assembled dual-filter
shippable assembly 1001 that includes two filters, each
capped with a water-infiltration barrier, packaged 1n a
vacuum-sealed bag 416, according to some embodiments of
the present invention.

FIG. 10B 1s a perspective view of a method 1002 during
which water 519 enters at a controlled rate through holes
1050 and then enters the water filter media, according to
some embodiments of the present invention.

FIG. 10C 1s a radial cross-sectional view 1003 (along the
dot-dashed line 10C of FIG. 10A) assembled dual-filter
shippable assembly 1001 that includes two filters, each
capped with a water-infiltration barrier, packaged in a
vacuum-sealed bag 416, according to some embodiments of
the present invention.

FIG. 10D 1s a radial cross-sectional view 1004 assembled
dual-filter shippable assembly 1001 that includes two filters,
cach capped with a water-infiltration barrier, packaged 1n a
vacuum-sealed bag 416 during which water 519 enters at a
controlled rate and then enters the water filter media 411,
according to some embodiments of the present invention.

FIG. 11A 15 a perspective view of a combined vacuum-
sealable bag and water-entry puncture-target apparatus 1101
according to some embodiments of the present invention.

FIG. 11B 1s a perspective view ol an ensemble 1102
having two water filters with attached water infiltration
barriers 1047, according to some embodiments of the pres-
ent 1nvention.

FIG. 11C 1s a perspective view of assembled dual-filter
shippable assembly 1103 that includes ensemble 1102 pack-
aged and sealed in vacuum-sealed bag 1101, according to
some embodiments of the present invention.

FIG. 12A1s a perspective view of apparatus 1201, accord-
ing to some embodiments of the present invention, having an
alternative water filter 1258 prepared with the water outlet
port 216 covered by the water infiltration barrier 111 with the
strap connector 112 attached to the water entry apparatus
101. The filter and the apparatus are shown sealed within the
vacuum bag 416 and submerged under water 519 1n prepa-
ration for puncturing the bag with a fork 522.

FIG. 12B 1s a perspective view of apparatus 1202, accord-
ing some embodiments of the present invention, having the
water filter prepared with the water outlet port 216 covered
by the water infiltration barrier 111 and the strap connector
112 attached to the water entry apparatus 101.

FIG. 12C 15 a perspective view of apparatus 1203, accord-
ing to some embodiments of the present invention, having an
alternative water filter suitable for end user preparation
using the present invention. The water filter inlet ports 1260
provide gaps in the water {filters plastic encased water filter
media covering 1261.

FIG. 12D 1s a perspective view of apparatus 1204, accord-
ing to some embodiments of the present invention, packaged
in a vacuum-sealed bag 1266 during which the polymer bag
ol assembled single-filter shippable assembly 1264 1s held
under water and punctured by fork 522 to leave one or more
small holes at the target water filter inlet ports 1260.

FIG. 13 1s a perspective view of apparatus 1301, accord-
ing to some embodiments of the present invention having an
assembled dual-filter shippable assembly packaged in a
vacuum-sealed bag.

FIG. 14 1s a perspective view of apparatus 1401, accord-
ing to some embodiments of the present invention having an
assembled dual-filer shippable assembly packaged 1n a
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vacuum-sealed bag 416 held under water using the purifi-
cation systems housing 911 to submerge the filters 1n water
519.

FIG. 15 1s a perspective view of apparatus 1501, accord-
ing to some embodiments of the present invention having an
assembled dual-filter shippable assembly packaged in a
vacuum sealed bag 416 held under water using the purifi-
cation systems housing 911 to submerge the filters in water
519 and punctured by fork 522 to leave one or more small
holes 913 in the target area provided by the tight gap 1021
created by the form {fitted plastic between the two elements
215 during vacuum packaging.

FIG. 16 1s a perspective view of apparatus 1601, accord-
ing to some embodiments of the present imnvention demon-

strating water 1050 flowing into the punctures 1041 created
by fork 522.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Although the following detailed description contains
many specifics for the purpose of illustration, a person of
ordinary skill in the art will appreciate that many variations
and alterations to the following details are within the scope
of the mvention. Specific examples are used to illustrate
particular embodiments; however, the mnvention described in
the claims 1s not intended to be limited to only these
examples, but rather includes the full scope of the attached
claims. Accordingly, the following preferred embodiments
of the invention are set forth without any loss of generality
to, and without 1imposing limitations upon the claimed
invention. Further, in the following detailed description of
the preferred embodiments, reference 1s made to the accom-
panying drawings that form a part hereof, and in which are
shown by way of 1llustration specific embodiments in which
the mvention may be practiced. It 1s understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the present
invention.

It 1s specifically contemplated that the present invention
includes embodiments having combinations and subcombi-
nations of the various embodiments and features that are
individually described herein (1.e., rather than listing every
combinatorial of the elements, this specification includes
descriptions of representative embodiments and contem-
plates embodiments that include some of the features from
one embodiment combined with some of the features of
another embodiment, including embodiments that include
some of the features from one embodiment combined with
some of the features of embodiments described in the
patents and application publications incorporated by refer-
ence 1n the present application). Further, some embodiments
include fewer than all the components described as part of
any one of the embodiments described herein.

The leading digit(s) of reference numbers appearing in the
Figures generally corresponds to the Figure number 1n
which that component 1s first introduced, such that the same
reference number 1s used throughout to refer to an 1dentical
component which appears 1n multiple Figures. Signals and
connections may be referred to by the same reference
number or label, and the actual meaning will be clear from
its use 1n the context of the description.

Certain marks referenced herein may be common-law or
registered trademarks of third parties afliliated or unathliated
with the applicant or the assignee. Use of these marks 1s for
providing an enabling disclosure by way of example and
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shall not be construed to limit the scope of the claimed
subject matter to material associated with such marks.

The disclosed method and device for preparing water
filters has embodiment 1n the process of water priming a
wide variety of water filters broadly available for residential
use, but future embodiments may extend beyond these
systems. These systems are typically but not exclusively
utilized 1n gravity-fed filter systems employing solid block
carbon, loose carbon or combinations of both using either
external housings or exposed media. Candidate embodi-
ments include any filter media or system that deploys water
pressure, soaking in water or water flushing to prepare the
filter media for use. The substitution of the disclosed
vacuum method and the disclosed device to channel and
water dramatically reduces the time and amount of water
needed to successiully prepare filters for use, and may allow
some filters to achieve maximum gallon per hour perfor-
mance 1n excess ol current preparation methods.

Disclosed 1s a method and system for water priming
carbon micro-pore gravity lilter media using negative pres-
sure to prepare for use 1n a water purification system. The
filters are carbon with micro-pores <0.1 microns in diameter.
Under this application, one or more dry filter elements are
placed 1n an appropriate vacuum-packing plastic bag, the
bag and filter(s) are placed 1n a vacuum chamber of a
vacuum-packing device.

In some embodiments, the bag 1s sealed using a heat-set
bar, with the vacuum-packing device’s gauge reading at
approximately —0.1 MPa (equivalent to about -29.5 in. Hg
or about =749 torr), with the minus sign indicating values
below standard atmospheric pressure of 101.325 kPa (about
0.1013 MPa, which 1s equivalent to standard atmospheric
pressure of about 29.92 in. Hg or 760 torr). Accordingly, the
pressure 1n the bag when that much vacuum is applied by the
vacuum-packing device 1s about 1.3 kPa (equivalent to
about 0.42 1. Hg or about 10.7 torr) above absolute zero
pressure. In other embodiments, the pressure in the bag 1s no
more than 0.5 kPa, no more than 0.75 kPa, no more than 1
kPa, no more than 1.5 kPa, no more than 2 kPa, no more than
5 kPa, no more than 10 kPa, or no more than 15 kPa, or no
more than 20 kPa, or no more than 25 kPa, or no more than
33 kPa. In one preferred embodiment, the pressure in the bag
1s no more than 5 kPa.

In some embodiments, the heat-sealable vacuum bag 1s
made of a multi-layer poly-nylon film (in some such
embodiments, a 9-layer poly-nylon film), and provide mois-
ture transmission rates of less than about 5 g/m?®/day and
oxygen transmission rates of less than about 45 cc/m>/day).
In some embodiments, the heat-sealable vacuum bag 1is
made ol a multi-layer film having four layers, from the
inside to outside, of polyolefin, aluminum foil, nylon, and
polyester. In some embodiments, the heat-sealable vacuum
bag 1s made of a multi-layer film having three layers, from
the inside to outside, of polyolefin, alummum foil, and
polyester.

In some embodiments, after the filter elements are sealed
in the heat-sealable vacuum bag, the ensemble 1s sterilized
with conventional food-sterilization techniques, such as
using heat (such as from microwaves and/or high-pressure
pasteurization techniques) or gamma radiation. In some
embodiments, non-foil packaging i1s used for the heat-
sealable vacuum bag in order to be compatible with con-
ventional food-sterilization techniques, such as microwave
and high-pressure pasteurization.

The consumer submerges the filter elements in the
vacuum sealed bag 1n water. While the filters 1n the vacuum
sealed bag are completely submerged, a few small open-
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ings—such as those made by the puncture of a common
household dinner fork, pen tip or even a stick—are made in
the bag. Breeching the vacuum bag causes the pressure to
push water into the bag to begin to equalize within the
previously negative pressure environment of the plastic bag,
causing the surrounding water to quickly flow into the
micropores of the filter media, thereby priming the carbon
filter for use 1n the gravity water purification system.

The following table provides a cross-reference for refer-
ence numbers

Numeral Definition

101  a combined infiltration barrier, connector and water entry
apparatus.

111  Water Infiltration Barrier

112 Connector/strap

113  Cylinder

114  Channel/Puncture Target

201  FIG. 2- perspective view of a water filter

207  End cap of cylindrical water filter

215  Water Filter

216  Clean Water Exit Port

217  Water Filter Cap

301 assembled water filter with connector, and water entry
apparatus and water infiltration barrier

401 assembled, shippable assembly 201 i vacuum sealed bag

411  Vacuum Bag

416  Vacuum Bag Surface

501 a single water filter packaged in a vacuum sealed bag with
attached combined infiltration barrier, connector and water
entry apparatus submerged under water demonstrating
punctures from a fork 522 and subsequent water movement
through the apparatus during equalization of pressure

518 Ensemble Vacuum Packed Water Filter and Apparatus

519 Water

520  Water travelling though Cylinder 113

521 Water entering Channel 114

522 Fork

523 Infiltration of Water Filter

601 a method of submerging the vacuum sealed media 1n fresh
water to provide for the eflicient introduction of water to the
filter media preparing it for use.

602 a method during which puncture target 114 1s removed from
water-primed filter assembly 301, according to some
embodiments of the present invention.

603 a method during which mfiltration barrier 111 1s removed
from the end of water-primed filter 201, according to some
embodiments of the present invention.

624  Prepared Water Filter, Vacuum Bag and Apparatus

699  Scissors

701  a close perspective view of punctures being mtroduced by a
fork 522 through the polymer bag into the target area of the
cylinder 113 and subsequent flow of water over and through
cylinder as water is drawn 1n during pressure equalization

711  Open end of Cylinder 113

801 a perspective view of a dual filter ensemble with one attached
combination water infiltration barrier, connector, cylinder and
channel device, and one water infiltration barrier and
connector/strap

802 an ensemble vacuum-packed and sealed within the vacuum
bag

816 Ensemble of vacuum bag sealed with dual water filters and
one attached combination water infiltration barrier, connector,
cylinder and channel device, and one water infiltration barrier
and connector/strap

838 Connector and Water Infiltration Barrier

901 a perspective view of 802 submerged in water contained in the
clean water capture vessel of a gravity water filter system with
punctures mtroduced in the target area

902 a perspective view of water flowing at a controlled rate
through the device from the punctures introduced in the target
area in shippable assembly 802

911 Clean Water Capture Vessel of a Gravity Water Filter System

912 Ensemble 802 water filter and apparatus i vacuum sealed
package under water

913 Punctures Created by Fork 522

914  Placement of Cylinder 113 and Channel 114
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1001

1002

1003

1004

1010
1011

1020
1021

1041

1042

1044
1045
1046
1047
1048

1049

1050

1051

1101

1102

1103

1152
1153
1155
1156

1201

1202

1203

1204

1257

1258
1259
1260
1261
1262
1301

1401

1409

1411
1501

10

-continued

Numeral Definition

assembled dual filter shippable assembly 1001 that includes
two filters, each capped with a water-infiltration barrier,
packaged in a vacuum-sealed bag 411

a method during which water enters at a controlled rate
through puncture holes

ensemble 1001 prior to punctures being mtroduced to the
vacuum sealed bag

ensemble 1001 after punctures are mtroduced to the vacuum
sealed bag

Cross section of filter media

Cross section of channel created by side by side placement of
filters 1n vacuum bag

Cross section of vacuum bag after vacuum applied

Cross section of taut surface of vacuum bag created by filter
placement after vacuum packing, thereby creating a target area
for puncture.

The water entering the channel created by filter placement
within the vacuum bag after packaging.

Puncturing a vacuum bag in the taut area created on the bag
surface by the positioning of dual water filters within the bag
Ensemble of two water filters

Heat Sealed Vacuum Bag

Puncture Target Area

Water Infiltration Barriers

Lower chamber of a gravity water purification system utilized
to hold water (clean water capture vessel) in which to
submerge water filters prepared with the method

Ensemble dual filters, submerged in water within Clean Water
Capture Vessel

Punctures in Vacuum Sealed Bag draw in surrounding water
during pressure equalization, mfiltrating filter media and
preparing filter for use

Filter Media

a combined vacuum sealable bag and water entry puncture
target apparatus

two ceramic water filters and two water nfiltration barriers
positioned above the clean water ports prior to installation on
the clean water ports

a dual ceramic filter and vacuum sealed bag with integrated
cylinder and channel as a shippable assembly

Vacuum Bag Integrated with Apparatus

Apparatus Integrated with Vacuum Bag

Ceramic Water Filter

Ensemble Ceramic Water Filters in device-integrated heat
sealed vacuum bag

a single water filter with the apparatus of water infiltration
barrier, cylinder with channel and connecting strap installed on
clean water exit port, in a vacuum-sealed bag, submerged
under water with fork mtroducing punctures into target area

a single water filter with the apparatus of water nfiltration
barrier, cylinder with channel and connecting strap installed on
clean water exit port

a single water filter with a hard plastic housing and water entry
slots

a single water filter with a hard plastic housing and water entry
slots vacuum sealed with fork introducing punctures into
target area

Apparatus including Cylinder, Connector and Water
Infiltration Barrer

Alternative double mterior wall water filter

Vacuum bag surface after puncture

Plastic Housed Water Filter

Enclosed Housing of Plastic Housed Water Filter

Target Puncture Area of Plastic Housed Water Filter
assembled dual filter shippable assembly with water
infiltration barriers applied to clean water exit ports
assembled dual filter shippable assembly with water
infiltration barriers applied to clean water exit ports
submerged 1n the clean water capture vessel of a gravity
water filter system

A spigot installed in the clean water capture vessel of a gravity
water filter system used to extract water from the lower
chamber

Rim of clean water capture chamber

punctured ensemble 1001 submerged and equalizing pressure
in water contained in water filter system clean water capture
vessel
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-continued

Numeral Definition

1601 punctured ensemble 1001 submerged and equalizing pressure

in water contained in water filter system clean water capture
vessel

FIG. 1A 1s a perspective view of a combined infiltration
barrier, connector and water-entry apparatus 101 according,
to some embodiments ol the present invention. In some
embodiments, combined infiltration barrier, vacuum-release
and water-entry apparatus 101 includes an infiltration barrier
111 connected to or integrated into a flexible connective
strap 112 into which a cylinder 113 having an open side
channel 114 1s inserted or otherwise attached or integrated
(the “device™).

FIG. 1B 1s a perspective view of a combined infiltration
barrier, connector and water-entry apparatus 102 according,
to some embodiments ol the present invention. In some
embodiments, combined infiltration barrier, vacuum-release
and water-entry apparatus 102 includes an infiltration barrier
111 integrated into a tlexible connective strap 112 into which
a cylinder 113 having an open side channel 114 1s integrated
115 (the “device”).

FIG. 1C 1s a perspective view of a combined infiltration
barrier, connector and water-entry apparatus 103 according,
to some embodiments of the present invention. In some
embodiments, combined infiltration barrier, vacuum-release
and water-entry apparatus 103 includes an infiltration barrier
111 integrated into a flexible connective strap 116 into which
a cylinder 113 open on both ends 117 having a row of open
holes on the side 118 1s integrated (the “device™).

FIG. 2 1s a perspective view of a water filter 201 having
a cylindrical filter portion 215 manufactured with an end cap
217 and a threaded stem outlet post 216 according to some
embodiments of the present invention. In some embodi-
ments, water filter 201 1s manufactured with cylindrical filter
portion 215, an end cap 217 sealed to the cylindrical filter
portion 215, and a stem outlet 216 (also called exit port 216)
extending from the end cap 217. In some embodiments, exit
port 216 1s threaded. In some embodiments, the cylindrical
circumierence of filter portion 215 1s an unfiltered-water
entry port (1n some embodiments, the entry port for unfil-
tered water 1s the entire exterior surface of water filter 201
except for the portion athxed to end cap 217, but including
the end opposite end cap 217).

FIG. 3 1s a perspective view of assembled water filter and
barrier 301 that includes water filter 201 connected to
combined infiltration barrier, connector and water-entry
apparatus 101 according to some embodiments of the pres-
ent invention. FIG. 3 shows the infiltration barrier creates a
seal over the stem outlet 111. The infiltration barrier may be
form fitted or threaded to protect the filter’s stem from
unfiltered water 111. In some embodiments, infiltration
barrier 111 1s mtegrated with a flexible connection 112 to a
capped, hollow cylinder 113 with an open channel or vent
114 terminating in a closed hollow cylinder with an open
end. In some embodiments, the infiltration barrier portion of
combined apparatus 101 creates a seal over the stem outlet
216 of water filter 201. The nfiltration barrier may be form
fitted or threaded to protect the filter’s stem 216 from
unfiltered water. In some embodiments, the infiltration bar-
rier 111 1s integrated with a flexible connection 112 to a
hollow cylinder 113 with an open channel or vent 114
terminating 1n a closed hollow cylinder with an open end. In
some embodiments, hollow cylinder 113 1s capped.
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FIG. 4 1s a perspective view ol assembled shippable
assembly 401 that includes assembly 301 vacuum sealed 1n
bag 416, according to some embodiments of the present

invention. In some embodiments, the infiltration barrier 111
1s 1nstalled on the stem outlet 216 of the dry filter 215. The
dry filter, along with the now attached infiltration barrier,
open channel 114 and cylinder that includes the device 113
1s sealed 1n a vacuum bag 416 with the open channel 114
facing the outside of the bag 416. This channel 114 creates
the target representing the most eflective area for the end
user to break the vacuum seal to imitiate a rapid water
infiltration process resulting from the equalization of the
pressure between the interior of the bag, the filter media and
the surrounding water. The stem outlet of the filter 216 1s
oriented toward the closed end of the vacuum sealing bag
416. The vacuum sealing bag 1s placed inside a chamber
vacuum machine, with the open end of the bag placed over
a heat sealing bar. The chamber vacuum sealer removes the
air from the interior of chamber and at the end of the cycle
automatically heat seals the bag, retaining the vacuum
created inside the bag.

FIG. SA 1s a perspective view of a method 501 during
which assembled shippable assembly 401 1s at least partially
submersed in water 519, according to some embodiments of
the present invention. In some embodiments, the assembled
shippable assembly 401 including vacuum-packed filter and
device 518 are submerged 1n water 519 suflicient to com-
pletely cover the open channel 1n the cylinder 520. The open
channel functions as the target for the itroduction of, e.g.,
one to four, small opemings 521—such as those made by
puncturing the bag with a common household dinner fork
522 or a writing pen, pin or stick—poked through the bag
wall. These small punctures break the vacuum seal and act
to regulate the speed with which the surrounding water
enters the bag and flows through the cylinder 520 covering
and infiltrating the filter media 523 (see FIG. 9E). Large
holes, a greater number of holes, cuts and tears are disad-
vantageous and will cause the process to underperform or
tail.

FIG. 5B 1s a perspective view of a method 502 during
which assembled shippable assembly 401 1s at least partially
submersed 1n a fresh water 519 pond, lake, river or stream
according to some embodiments of the present invention. In
some embodiments, the assembled shippable assembly 401
including vacuum-packed filter and device 518 are sub-
merged 1n water 519 suflicient to completely cover the open
channel 1n the cylinder 520. The open channel functions as
the target for the introduction of, e.g., one to four, small
openings 521—such as those made by puncturing the bag
with a common household dinner fork 522 or a writing pen,
pin or stick—poked through the bag wall. These small
punctures break the vacuum seal and act to regulate the
speed with which the surrounding water enters the bag and
flows through the cylinder 520 covering and infiltrating the
filter media 523 (see FIG. 9E).

FIG. 6A 1s a perspective view of a method 601 during
which the polymer bag 416 (of the water-infused and
assembled shippable assembly 401 including water-primed
filter assembly 301) 1s cut open using scissors 699, accord-
ing to some embodiments of the present invention. When the
water 1nfiltration process 1s complete (usually under 30
seconds), the filter and device are removed from the bag 624.

FIG. 6B 1s a perspective view of a method 602 during
which puncture target 114 1s removed from water-primed
filter assembly 301, according to some embodiments of the
present mnvention. In some embodiments, the cylinder 113 1s
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disconnected from the tlexible connective strap 112, while 1n
other embodiments, 1t 1s left i place (see FIGS. 1B and 1C).

FIG. 6C 1s a perspective view ol a method 603 during
which infiltration barrier 111 1s removed from the end of
water-primed filter 201, according to some embodiments of
the present invention. In some embodiments, the strap 112
provides a convenient handle allowing the end user to more
casily pull the infiltration barrier off the stem outlet 216 of
the filter cap 217.

FIG. 7A 1s a close-up perspective view of a method 701
during which the polymer bag 416 of the now-water-infused
and assembled shippable assembly 401 has been punctured
and has filled with water 1s supported at the edges of
clongated opening 114 having a C-shaped cross section 712
(in various embodiments, the C-shaped cross section 1s
circular, ovoid, square or other suitable variations that
support the bag over a void such that the puncturing tool can
penetrate easily), such that a puncturing tool, such as fork
522, can readily poke one or more small holes through the
bag 416, according to some embodiments of the present
invention. In some embodiments, a common household
dinner fork 522 1s used to puncture the vacuum sealed bag
in the space provided by the open channel 1n the cylinder
114; however, the tool 1s unimportant and wide variety of
common 1tems capable of producing a small, clean puncture
could be used—writing pens, a pin, even a toothpick or twig.
This tflexability improves the method and device’s end-user
success rate across a wide variety ol environments and
situations. A cross section view of the open channel 1n the
hollow cylinder 113 1llustrates the positioning requirement
of the open face upward against the outside surface of a
tightly sealed vacuum bag 416 creating the channel which
permits water to enter the bag, tlow through the hollow
cylinder and facilitate the speedy and even infiltration of the
filter 1010 without dry spots caused by bag adhesion. The
open channel functions as target area 1n which the end user
should puncture the bag; the closed back of the channel,
positioned between the instrument of puncture and the filter
surface 411, provides a protective layer, shielding the filter
surface 411 from damage when the bag 416 1s punctured
522.

FIG. 7B 1s a perspective view of a microporous water
filter 702 having a cylindrical filter media surface 411 with
direction of water infiltration 722 through a cross section of
filter media 1010 manufactured with a sealed end cap 217
and a threaded stem outlet 216 (also called exit port 216)
extending from the end cap 217, according to some embodi-
ments ol the present invention.

FIG. 8A 1s a perspective view of an ensemble 801 having
a single water-entry apparatus 101 that will be used to prime
two water filters, according to some embodiments of the
present mvention.

FIG. 8B 1s a perspective view of ensemble 801 packaged
in a vacuum-sealed bag 416, according to some embodi-
ments of the present invention. In some embodiments, a
single device 101 1s used to effectively hydrate two filters
simultaneously 1n the same vacuum sealed package 802.
Frequently, the filters are sold i1n pairs. This configuration
places the device 101 connected to one filter 215 1n the space
between two {ilters 816 1n a single bag 416. The second filter
215 has only the water infiltration barrier and strap 112
attached 838.

FIG. 9A 1s a perspective view ol a method 901 during
which the polymer bag 416 of assembled dual-filter ship-
pable assembly 802 1s held under water and punctured by
fork 522 to leave one or more small holes 913, according to
some embodiments of the present invention.
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FIG. 9B 1s a perspective view of a method 902 during
which water 914 enters at a controlled rate and then enters
the microporous media of the filters 1010, according to some
embodiments of the present invention. This demonstrates
one possible method of using the purification or filtration
systems housing 911 to submerge the filter and device 1n
vacuum sealed package underwater 912. However, the filters
need only be submerged in fresh water, regardless of cir-
cumstance. Once the rapid water infiltration process has
been mitiated by puncturing one to four small holes 1n the
submerged portion of the package 913, 1t 1s essential that an
unobstructed channel 520 between the two filters be present
to evenly distribute water entering the package around the
filter media quickly and thoroughly (complete preparation of
the filter media using the method and device takes about 30
seconds). The proper placement of the device consistently
creates and maintains an optimum channel facilitating effec-
tive water distribution 914. The small punctures in the target
arca 114 regulate the flow rate ensuring that equalization 1s
optimal for filter preparation. Large or too numerous punc-
tures, tears and rips will cause the filter preparation to
underperform or fail. Time to complete filter preparation
will vary depending on filter thickness, density and compo-
sition.

FIG. 9C 1s a perspective view ol one example of a
purification or filtration system that consists of a lid 915, an
upper housing 916 that contains two water filters 917
installed 1n the upper housing 916 and the lower housing 911
with spigot 1409 used to demonstrate the submerged filters
and device 1 vacuum sealed package underwater, according
to some embodiments of the present invention.

FIG. 9D 1s a perspective view of shippable assembly 901
having a single water-entry and barrier apparatus 101 that
will be used to prime two water {ilters 904, the polymer bag
1020 1s supported at the edges of elongated opeming 114
having a C-shaped cross section 712 where placement
within the bag results 1n a taut vacuum bag surtace 1021
above the puncture target channel 114, according to some
embodiments of the present invention.

FIG. 9E 1s a perspective view of a method 902 during
which water 519 enters at a controlled rate and then enters
the water filter media 1010 to prime two water filters 905
after the vacuum bag surface 1021 has been punctured at a
C-shaped cross section 712 while submerged 1042 and filled
with water 1041, according to some embodiments of the
present 1nvention.

FIG. 10A 15 a perspective view ol assembled dual-filter
shippable assembly 1001 that includes two filters, each
capped with a water-infiltration barrier, packaged 1n a
vacuum-sealed bag 1045, according to some embodiments
of the present invention.

FIG. 10B 1s a perspective view of a method 1002 during
which water 519 enters at a controlled rate through holes
1050 and then enters the microporous media of the filters
1010, according to some embodiments of the present mnven-
tion. In some embodiments, two dry filters 1044 are sealed
in a vacuum-packed plastic bag (without the device 1045)
such that the second filter acts as the device that forms the
puncture target 1046 as being the space in the middle of the
two filters across which the bag 1s stretched. The plastic bag
becomes form fitted around the filters as air 1s removed and
a vacuum created; careful filter placement within the bag
results 1in a taut vacuum bag surface 1021 above the tapered
vold created between the two filters 1046 that acts as the
necessary channel for water distribution. This void 1n the
vacuum sealed bag 1011 1s where the vacuum seal 1s most
cllectively broken to initiate the rapid hydration of the
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filtration media. The outlet ports of the filters are sealed with
an infiltration barrier 1047 and the outlet ports are directed
downward 1n the package during the priming operation. FIG.
10B demonstrates one possible method of using the purifi-
cation system’s housing 1048 to submerge the filters in
water 1049. Small holes in the middle of the submerged void
space ol the bag 1050 draw the surrounding water into the
bag as pressure begins to equalize and quickly infiltrates the
filter media 1051 1including the microporous carbon filtration
media mnside 1010.

FIG. 10C 1s a perspective view ol shippable assembly
1001 that will be used to prime two water filters 1003, the
polymer bag 1020 1s supported at the edges where caretul
filter placement within the bag creates a void between the
two filters and results 1n a taut vacuum bag surface 1021 that
acts as the necessary channel for water distribution 1011,
according to some embodiments of the present invention.

FIG. 10D 1s a perspective view ol shippable assembly
1001 that will be used to prime two water filters 1004, the
polymer bag 1020 1s supported at the edges where caretul
filter placement within the bag creates a void between the
two filters and results 1n a taut vacuum bag surface 1021 that
acts as the necessary channel for water distribution 1011,
water 1042 enters the void between the two filters 1041 at a
controlled rate and then enters the water filter media 1010 to
prime two water {ilters 1044 after the vacuum bag surface
1021 has been punctured, according to some embodiments
of the present invention.

FIG. 11A 1s a perspective view of a combined vacuum-
sealable bag and water-entry puncture-target apparatus 1101
according to some embodiments of the present invention.

FIG. 11B 1s a perspective view of an ensemble 1102
having two capped water filters 11535, according to some
embodiments of the present invention.

FIG. 11C 1s a perspective view of assembled dual-filter
shippable assembly 1103 that includes ensemble 1102 pack-
aged and sealed in vacuum-sealed bag 1101, according to
some embodiments of the present invention. In some
embodiments, the method of vacuum packaging water filters
in the present mvention utilizes a vacuum bag or other

material which functions to contain an induced vacuum over
time 1152. This method may be used with or without the
device 1n two filter packages; however, the use of the device
creates the ability to use the method with one filter, and
ensures a consistent channel and protective target, increas-
ing production quality and end-user success. An alternate
packaging system could include the device as an integrated
component of the vacuum bag 1153). The outlet ports of the
filters are sealed with infiltration barriers 1047. In this
example, ceramic multistage filtration candles 1155 are
vacuum packaged 1n the bag with the device as an integrated
component 1156.

FIG. 12A 15 a perspective view of a method 1201 during
which assembled shippable assembly 1250 1s at least par-
tially submersed 1in water with another type of microporous
water filter 12358. prepared with the water outlet port 216
covered by the water infiltration barrier 111 with the strap
connector 112 attached to the water entry apparatus 101. The
filter and the apparatus are shown sealed within the vacuum
bag 416 and submerged under water 519 in preparation for
puncturing the bag with a fork 522 at the puncture target
channel 411, according to some embodiments of the present
invention.

FIG. 12B 1s a perspective view of assembled water filter
and barrier 1202 that includes a water filter 1258 connected
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to combined infiltration barrier 111, connector and water-
entry apparatus 101 according to some embodiments of the
present 1nvention.

FIG. 12C 1s a perspective view of a gravity flow carale
filter 1203 where the filter media 1s enclosed 1n a filter
housing 1261 manufactured with an end cap outlet port 1260
attached to the filter housing 1261, according to some
embodiments of the present invention.

FIG. 12D 1s a perspective view of a method 1204 during
which assembled shippable assembly 1264 1s at least par-
tially submersed in water 519 with a gravity flow carafe filter
1203 within a vacuum bag 1266 and submerged under water
519 1 preparation for puncturing the bag with a fork 522 at
the end cap outlet port 1260 attached to the filter housing
1261, according to some embodiments of the present mnven-
tion.

FIG. 13 15 a perspective view ol an apparatus 1301 that
includes two dry carbon microporous filter elements 215
sealed 1 a vacuum-packed plastic polymer bag 416. The
plastic 1s form {itted around the filtration elements 1044, and
creates a tight gap between the two elements 1021. This gap
1021 1s where the vacuum seal 1s most eflectively broken to
initiate the priming process. The outlets of the filter elements
216 face downward in the package, according to some
embodiments of the present invention.

FIG. 14 1s a perspective view of apparatus 1401, accord-
ing to some embodiments of the present invention. FIG. 14
demonstrates one possible method of using the purification
systems housing 911 to submerge the filters 1n water 519.
However, the filters need only be submerged 1n fresh water,
regardless of circumstance. The spigot on the lower chamber
1409 can be used to drain the water in the event that water
displaced from the submerged filter package 1049 threatens
to overtlow the rim of the chamber 1411.

FIG. 15 1s a perspective view of apparatus 1501, accord-
ing to some embodiments of the present invention having an
assembled dual-filter shippable assembly packaged in a
vacuum sealed bag 416 and held under water using the
purification systems housing 911 to submerge the filters in
water 519 and punctured by fork 522 to leave one or more
small holes 913 1n the tight gap target area created by careful
filter placement 1021 between the two elements 215 during
vacuum packaging. A wide variety of common items could
be used-writing pens, scissor tips, even a toothpick or twig
to puncture the vacuum sealed bag 913 1n the space between
the two filters 1021.

FIG. 16 1s a perspective view of apparatus 1601, accord-
ing to some embodiments of the present invention. Small
holes 1n the middle of the submerged bag 913 suck the
surrounding water into the bag 1030. As pressure begins to
slowly equalize the water enters the bag 1041 and 1s quickly
absorbed by the microporous carbon filtration media 1051.
vacuum created inside the bag.

A method and system for water-priming carbon micro-
pore filter media using negative pressure 1s described. The
filters include carbon with micro-pores <0.1 microns 1n
diameter. The method 1ncludes placing dry filter elements 1n
a polymer bag, applying a vacuum of approximately —0.1
MPa or —29.5 mnHg, and heat-sealing the bag using a heat-set
bar; submerging, by a consumer, the vacuum-sealed bag
with its the filter elements in water; the filters in the vacuum
sealed bag are at least partially submerged, puncturing the
bag to form one or more small openings in the bag—such as
those made by a common dinner fork, pen tip or even a stick.
Breeching the vacuum causes the water to flow through the
openings into the bag and filters to equalize the pressure
between the water and the previously negative-pressure




UsS 11,110,397 B2

17

environment 1n the plastic bag. The surrounding water
relatively quickly (as controlled by the size of the bag
puncture holes and/or flow restrictions 1n device 101) flows
into the micro-pores of the filter media, priming the filter for
use 1n a gravity-fed water-purification system.

In some embodiments, the present mvention provides an

apparatus configured to prime a water {ilter. This apparatus
includes: a first water filter that includes an unfiltered-water
inlet surface and a filtered-water exat port; a first removable
exit-port water-infiltration barrier fitted to seal the exit port
of the first water filter; a first bag-puncture-facilitation
device; a vacuum-sealed bag, wherein the bag includes a
polymer, wherein the first water filter, the first water-infil-
tration barrier fitted to seal the output port of the first water
filter, and the bag-puncture-facilitation device are contained
within the vacuum-sealed bag, and wherein the vacuum-
sealed bag has a gas pressure mside of no more than about
33 kPa above absolute zero pressure.

In some embodiments, the first bag-puncture-facilitation
device includes a hollow elongated generally cylindrical
structure that has an elongated opening along at least a
portion of a long side and at least one open end in fluid
communication with the elongated opening.

In some embodiments, the first bag-puncture-facilitation
device includes a generally cylindrical structure that has an
clongated opening along a length of a side defining a
C-shaped cross-section and at least one open end 1n fluid
communication with the elongated opening, wherein the first
water-infiltration barrier 1s connected to the cylindrical
structure by a flexible elongated connector.

In some embodiments, the first bag-puncture-facilitation
device includes an elongated structure that has a generally
C-shaped cross section for at least a 2.5-cm long portion of
its length.

In some embodiments, the first bag-puncture-facilitation
device includes: a second water filter that includes an 1nlet
surface and an output port; and a second removable output-
port water-infiltration barrier fitted to seal the output port of
the first second filter, wherein the first water filter and the
second water filter are positioned side-by-side in the bag
such that a portion of the bag remains stretched across a
space between the first water filter and the second water
filter.

Some embodiments further include a second water filter
that includes an inlet surface and an output port; a second
removable output-port water-infiltration barrier fitted to seal
the output port of the first second filter, wherein the first
water filter and the second water filter are positioned side-
by-side in the bag; and a second bag-puncture-facilitation
device, wherein the first and second bag-puncture-facilita-
tion devices each include: a generally hollow cylindrical
structure that has an elongated opening along a length of a
side and at least one open end 1n fluid communication with
the elongated opening, wherein the first and second remov-
able output-port water-infiltration barriers are each con-
nected to respective ones of the generally hollow cylindrical
structures by a respective tlexible elongated connector.

In some embodiments, the vacuum-sealed bag has a gas
pressure mside of no more than about 5 kPa above absolute
Zero pressure.

In some embodiments, the vacuum-sealed bag has a gas
pressure mside of no more than about 2 kPa above absolute
Zero pressure.

In some embodiments, the first bag-puncture-facilitation
device includes an elongated structure that has a cross-
section having a convex outer surface and a concave inner
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surface, wherein the first water-infiltration barrier 1s con-
nected to the elongated structure by a flexible elongated
connector.

In some embodiments, the bag includes a laminated film
having a plurality of laminated layers including at least one
layer that includes nylon and another layer that includes
polyolefin or polyester.

In some embodiments, the present mmvention provides
method for preparing a water filter for use. This method
includes: providing a first water filter that has an unfiltered-
water inlet port and a clean-water exit port and a first
water-infiltration barrier covering the clean-water exit port
of the first water filter; providing a first elongated hollow
device having a rounded outer surface that has at least one
concave puncture-target area along a side of the hollow
device mn fluid communication with an open end of the
hollow device; placing the first elongated hollow device and
the first water filter 1n a dry state in a bag, wherein the bag
includes a polymer; reducing air pressure 1n the bag to no
more than 33 kPa above absolute zero pressure; and heat
sealing the bag to maintain the reduced air pressure 1n the
bag at no more than 33 kPa above absolute zero pressure.

Some embodiments further include submersing at least a
portion of the sealed bag 1n water such that water covers the
at least one open-channel puncture-target area of the hollow
device; and puncturing the bag at the puncture-target area.

Some embodiments further include pasteurizing the first
water filter and the first elongated hollow device together
inside the sealed bag.

Some embodiments further include shipping the first
water {ilter and the first elongated hollow cylinder together
inside the sealed bag to an end user with instructions for
submersing at least a portion of the sealed bag 1n water such
that water covers the at least one open-channel puncture-
target area of the hollow device and puncturing the bag at the
puncture-target area.

Some embodiments further include providing a second
water filter that includes an inlet surface and an output port;
providing a second removable output-port water-infiltration
barrier fitted to seal the output port of the first second filter;
and positioning the first water filter and the second water
filter side-by-side 1n the bag such that after the reducing of
the air pressure 1n the bag to no more than 33 kPa above
absolute zero pressure, and heat sealing the bag, a portion of
the bag remains stretched across a space between the first
water filter and the second water filter.

Some embodiments further include providing a second
water filter that includes an inlet surface and an output port;
providing a second removable output-port water-infiltration
barrier fitted to seal the output port of the first second filter,
wherein the first water filter and the second water filter are
positioned side-by-side 1n the bag; and providing a second
bag-puncture-facilitation device, wherein the first and sec-
ond bag-puncture-facilitation devices each include: a gen-
crally hollow generally cylindrical structure that has an
clongated opening along a length of a side and at least one
open end 1n fluid communication with the elongated open-
ing, wherein the first and second removable output-port
water-infiltration barriers are each connected to respective
ones of the generally cylindrical structures by a respective
flexible elongated connector.

In some embodiments, the reducing of the air pressure in
the bag reduces the gas pressure mside to no more than about
5 kPa above absolute zero pressure.

In some embodiments, the reducing of the air pressure 1n
the bag reduces the gas pressure mside to no more than about
2 kPa above absolute zero pressure.
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In some embodiments, the first bag-puncture-facilitation
device includes: an elongated structure that has a cross-
section having a convex outer surface and a concave inner
surface, wherein the first water-infiltration barrier 1s con-
nected to the elongated structure by a flexible elongated
connector.

In some embodiments, the bag includes a laminated film
having a plurality of laminated layers including at least one
layer that includes nylon and another layer that includes
polyolefin or polyester.

In some embodiments, the first bag-puncture-facilitation
device includes: a generally cylindrical structure that has an
clongated opening along a length of a side defining a
C-shaped cross-section and at least one open end 1n fluid
communication with the elongated opening, wherein the first
water-infiltration barrier 1s connected to the cylindrical
structure by a flexible elongated connector.

In some embodiments, the first bag-puncture-facilitation
device includes: providing a hollow eclongated generally
cylindrical structure that has an elongated opening along at
least a portion of a long side and at least one open end 1n
fluidd communication with the elongated opening.

In some embodiments, the first bag-puncture-facilitation
device includes an elongated structure that has a generally
C-shaped cross section for at least a 2.5-cm long portion of
its length.

In some embodiments, the present invention provides a
method of using an appropriately sized vacuum sealable bag
or other containment media capable of holding the dry water
filter and disclosed device and utilizing a chamber vacuum
sealing device to remove air from the package and contents
and retain the vacuum inside the containment media. Addi-
tionally, the containment media must be capable of being
punctured or otherwise breached 1n a method consistent with
the regulating of water infiltration to maximize filter prepa-
ration and submerged under water.

In some embodiments, the present invention provides a
method of submerging the vacuum sealed media in fresh
water to provide for the eflicient introduction of water to the
filter media preparing it for use.

In some embodiments, the present invention provides a
method of using puncture holes in vacuum containment
media to allow water to be mtroduced to the filter media.

In some embodiments, the present invention provides a
device that functions as a standalone infiltration barrier for
use 1n multiple filter packaging applications 1n conjunction
with another integrated or connected device that ncorpo-
rates the infiltration barrier and the contiguous or attached
hollow cylinder featuring an open channel target area with
an open end.

In some embodiments, the present invention provides a
device that functions as a vacuum containment system
integrating the device comprising a hollow cylinder featur-
ing an open channel concave target area with an open end
integrated into the containment system outer wall.

In some embodiments, the present invention provides a
kit for making an apparatus configured to prime a water
filter, the kat including: a first water filter that includes an
unfiltered-water inlet surface and a filtered-water exit port;
a first removable exit-port water-infiltration barrier fitted to
seal the exit port of the first water filter; a first bag-puncture-
tacilitation device; and a heat-sealable bag sized to contain
the first water filter, the first water-infiltration barrier fitted
to seal the output port of the first water filter, and the
bag-puncture-facilitation device within the heat-sealable
bag. In some embodiments, the heat-sealable bag has a shore
A durometer of at least 80, 1n order to form a bridge across
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the puncture target, rather than conforming tightly to a
concave surface of the puncture target. In some embodi-
ments, the first bag-puncture-facilitation device 1s fused to
an 1side surface of the heat-sealable bag.

In some embodiments of the kit, the first bag-puncture-
facilitation device includes: a second water filter that
includes an inlet surface and an output port; and a second
removable output-port water-infiltration barrier fitted to seal
the output port of the first second filter, such that when the
first water filter and the second water filter are positioned
side-by-side 1n the bag, and the bag 1s sealed with a gas
pressure mnside of no more than about 33 kPa above absolute
zero pressure and the sealed bag 1s exposed to atmospheric
pressure, a portion of the bag remains stretched across a
space between the first water filter and the second water
filter.

In some embodiments of the kit, the first bag-puncture-
facilitation device includes an elongated structure that has a
cross-section having a convex outer surface and a concave
inner surface, wherein the first water-infiltration barrier 1s
connected to the elongated structure by a flexible elongated
connector, and the kit further includes: a second water filter
that includes an inlet surface and an output port; and a
second removable output-port water-infiltration barrier fitted
to seal the output port of the first second filter, such that
when the first water filter and the second water filter are
positioned side-by-side 1n the bag, and the bag 1s sealed with
a gas pressure mside of no more than about 33 kPa above
absolute zero pressure and the sealed bag 1s exposed to
atmospheric pressure, a portion of the bag remains stretched
across a space between the first water filter and the second
water filter.

It 1s to be understood that the above description 1s
intended to be 1illustrative, and not restrictive. Although
numerous characteristics and advantages of various embodi-
ments as described herein have been set forth in the fore-
going description, together with details of the structure and
function of various embodiments, many other embodiments
and changes to details will be apparent to those of skill 1n the
art upon reviewing the above description. The scope of the
invention should be, therefore, determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled. In the appended claims,
the terms “including” and “in which” are used as the
plain-English equivalents of the respective terms “compris-
ing” and “wherein,” respectively. Moreover, the terms “first,
” “second,” and “third,” etc., are used merely as labels, and
are not intended to impose numerical requirements on their
objects.

What 1s claimed 1s:

1. An apparatus for priming a water {ilter, the apparatus
comprising;

a first water filter that includes an unfiltered-water inlet

and a filtered-water exit port;

a first removable exit-port water-infiltration barrier fitted
to seal the exit port of the first water filter;

a first bag-puncture-facilitation device, wherein the first
bag-puncture-facilitation device includes a first hollow
clongated generally cylindrical structure that has an
clongated opening 1n at least a portion of a long side
and at least one open end 1n flmd communication with
the elongated opening; and

a vacuum-sealed polymeric bag, wherein the first water
filter, the first water-infiltration barrier fitted to seal the
output port of the first water filter, and the bag-punc-
ture-facilitation device are contamned within the
vacuum-sealed bag, and wherein the vacuum-sealed
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bag has a gas pressure 1nside of no more than about 33
kPa above absolute zero pressure.

2. The apparatus of claim 1, wherein the first cylindrical
structure has a C-shaped cross section at the elongated
opening, and wherein the first water-infiltration barrier is
connected to the cylindrical structure by a flexible elongated
connector.

3. The apparatus of claim 1, wherein the first cylindrical
structure has a generally C-shaped cross section at the
clongated opening, and the elongated opening i1s at least
2.5-cm long.

4. The apparatus of claim 1, wheremn the first bag-
puncture-facilitation device includes:

a second water filter that includes an unfiltered-water 1nlet

and an output port; and

a second removable output-port water-infiltration barrier
fitted to seal the output port of the second filter, wherein
the first water filter and the second water filter are
positioned side-by-side 1n the bag such that a portion of
the bag remains stretched across a space between the
first water filter and the second water filter.

5. The apparatus of claim 1, further comprising:

a second water filter that includes an unfiltered-water 1nlet
and an output port;

a second removable output-port water-infiltration barrier
fitted to seal the output port of the second filter, wherein
the first water filter and the second water filter are
positioned side-by-side 1n the bag; and

a second bag-puncture-facilitation device, wherein the
second bag-puncture-facilitation device includes a sec-
ond hollow eclongated generally cylindrical structure
that has an elongated opening 1n a length of a side and
at least one open end 1n fluid communication with the
clongated opening, wherein the first and second remov-
able output-port water-infiltration barriers are each
connected to respective ones of the first and second
cylindrical structures by a respective flexible elongated
connector.

6. The apparatus of claim 1, further comprising:

a second water filter that includes an unfiltered-water 1nlet
and an output port;

a second removable exit-port water-infiltration barrier
fitted to seal the exit port of the second filter, wherein
the first water filter and the second water filter are
positioned side-by-side 1n the bag, and wherein the first
removable exit-port water-infiltration barrier 1s con-
nected to the first cylindrical structure by a flexible
clongated connector.

7. The apparatus of claim 1, wheremn the first bag-
puncture-facilitation device 1s fused to an inside surface of
the vacuum-sealed bag.

8. The apparatus of claim 1, wherein the first cylindrical
structure has a cross-section at the elongated opening having
a convex outer surface and a concave inner surface, wherein
the first water-infiltration barrier 1s connected to the first
cylindrical structure by a flexible elongated connector.

9. The apparatus of claim 1, wherein the bag includes a
laminated film having a plurality of laminated layers includ-
ing at least one layer that includes nylon and another layer
that includes polyolefin or polyester.

10. The apparatus of claim 1, wherein the vacuum-sealed
bag has a gas pressure inside of no more than about 2 kPa
above absolute zero pressure.

11. The apparatus of claim 1, wherein the first water filter
and the first bag-puncture-facilitation device are packaged to
be shipped together inside the vacuum-sealed bag to an end
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user with instructions for the user to submerge at least a
portion of the vacuum-sealed bag in water such that water
covers the elongated opening of the first cylindrical struc-
ture.

12. The apparatus of claim 1, further comprising:

a second water filter.

13. A kit for making an apparatus for priming a water
filter, the kit comprising:

a first water filter that includes an unfiltered-water inlet

end and a filtered-water exit port;

a first removable exit-port water-infiltration barrier fitted
to seal the exit port of the first water filter;

a first bag-puncture-facilitation device, wherein the first
bag-puncture-facilitation device includes a first hollow
clongated generally cylindrical structure that has an
clongated opening 1n at least a portion of a long side
and at least one open end 1n fluid communication with
the elongated opening; and

a heat-sealable bag sized to contain the first water filter,
the first water-infiltration barrier fitted to seal the output
port of the first water filter, and the first bag-puncture-
facilitation device within the heat-sealable bag,
wherein the heat-sealable bag has a shore A durometer
of at least 80.

14. The kit of claim 13, further comprising:

a second water filter that includes an inlet end and an
output port; and

a second removable output-port water-infiltration barrier
fitted to seal the output port of the second filter, such
that when the first water filter and the second water
filter are positioned side-by-side 1n the bag, and the bag,
1s sealed with a gas pressure inside of no more than
about 15 kPa above absolute zero pressure and the
sealed bag 1s exposed to atmospheric pressure, a por-
tion ol the bag remains stretched across a space
between the first water filter and the second water filter.

15. The kit of claim 13, wherein the first bag-puncture-
facilitation device 1s fused to an inside surface of the
heat-sealable bag.

16. The kit of claim 13, wherein the first cylindrical
structure has a cross-section at the elongated opening having
a convex outer surface and a concave 1nner surface, wherein
the first water-infiltration barrier 1s connected to the first
cylindrical structure by a flexible elongated connector, the
kit further comprising:

a second water {filter that includes an inlet and an output

port; and

a second removable output-port water-infiltration barrier
fitted to seal the output port of the second filter, such
that when the first water filter and the second water
filter are positioned side-by-side in the bag, and the bag
1s sealed with a gas pressure inside of no more than

about 33 kPa above absolute zero pressure and the

sealed bag 1s exposed to atmospheric pressure, a por-

tion of the bag remains stretched across a space

between the first water filter and the second water filter.

17. The kit of claim 13, wherein the first water filter and

the first bag-puncture-facilitation device are packaged to be

shipped together 1nside the heat-sealable bag to an end user

with istructions for the user to submerge at least a portion

of the heat-sealable bag 1n water such that water covers the
clongated opening of the first cylindrical structure.
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